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is thero^^re relatively small, as follows naturally whe^j it is considered 
that the raw material used is a selected distillate.7 If it wer^ possible 
to employ as raw material a wide fraction oT the, crude oil, for example, 
reduced asphaltic crudes which are used for the production of road 
oils and asphalt, and to convert about 25 per cent of such residues 
smoothly int)‘ gasoline, our supplies of the latter necessity would 
obviously be j^*catly increased. 

This is doubtless one of the many reasons for the never ending 
supply of “new” cracking processes which appear in the literature at 
a steady and ever increasing rate. 

Roughly speaking, 75 per cent of our gasoline is still represented 
l)y.Jhat which is naturally contained in the crude oil, about 10 per 
cent coming from natural and casing head gas and approximately 15 
per cent being comprised of cracked gasoline. 

The apidication of cracking methods to as wide a fraction or to as 
large a portion as possible of the crude oil therefore remains an incentive 
to attain a goal toward which further development tends. 

The (piestion “What is gasoline?” is one to which considerable 
time and argument may be givcm. In the refinery the term gasoline 
is not heard so freqiKmtly as the expression naphtha. Finished gaso- 
line is what the refiner has Jh mind as the product obtained when por- 
tions of naphtha distillate have been submitted to purification by 
chemical tn^atnumt (or oth^i^^i^e) and steam distilled. Similarly 
k(M’os(‘n(‘ is a product made by unifying burning oil. 

Th(' soure^cys of what we nowIRil gasoline are so many and the actual 
coinf)osition of the product so^ariable, that it is somewhat difficult 
to give an adc'cpiate definitio^without begging the question. For 
('xample, if W(‘ state* that “gasoline is a mixture of petroleum hydro- 
carbons [laving such properties that the mixture may be successfully 
employed as fu(*l for an internal combustion engine of the Iq^^-com- 
pression type* i.e*. the type* now^sed in automobile^” we are at once 
ele*fining gaseiline in terms of its function in connection with the internal 
combust iem e*ngine. It is not elifficult to define certain kinds of gaso- 
line but another matter te> find a deffinition that includes all the varieties 
anel is at the* ^ame time not vague or functiemal. ^ 

In P>jgland “pe*tre)l” is the term commonly used to designate what 
we call gasoline in the Unite*ei States. On the Continent benzine is 
a term often em]iloye'd for the purpose espoey^fii^ in refineries. Es- 
sence is freepiently applied to designate motor fuel in France. 

The authors have classifi(*d the various methods of converting high 
M)iling hydrocaibons into Ipwer boiling ones according to a system 
which is conceded be arbitrary, and have used their judgment as 
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to whether a giyen method should properly be placed in thite^or that 
category. The exercise of judgment of this nature is not without 
difficulties mid is by no means infallible. Neither is this classification 
a permanent one. As the art advances, methods undergo cliangc'. 
Some become obsolete, others exixa-ience (hwelopmeiit and adapta- 
tion which brings their previous classification into qifestion. And, 
since in many cases advancement in principle and detail is very rapid, 
a classification which is justified today may be siaiously questioned 
six months hence. The present classification is thendon' subiniltc'd, 
with its limitations and with the request that suggestions for improve- 
ment be forwardi'd to th(^ authors. 

Although new oil fields are constantly being (hweloped in tlu* Uni^j^al 
States as well as in Mexico, South America anil otli(‘r countries, niwer- 
theless the time has arrived when sourcis of motor fuel other than 
petroleum must be given serious consideration, active research and 
commercial exploitation. C/hiid* among tlu'si* oth(‘r source's are' ale*ohol 
and shale oil, with the products of distillatiein of ceihls, lignites, 
asphalt and peat following. This is the orde'r of inqioitane'e' which 
the autheirs consider to be corn'ct for the I'nite'd States, although some' 
may wish to place* shale eal fir.st. Furtlu'r devele)pnu'nt in the* le)vv 
temperature distillation of coal or oth(T suitable* tre'atme'nt e)f e*oal 
may also change its position as regards its re'lative* importance' as a 
source of motor fuel for autexnobiles. 

Alcohol has repeatedly be*en advocate*d as a me)tor fue*l both singly 
and also when aelmixe*d with benzed and otlu'r hyelre)e*arbons. Sine'e 
sugar is looke*d upon as the most unive*rsal souie-e' e>f raw material fe)r 
the manufacture of alcohol many countrie'S eh'ficii'nt in jx'tre)leum have* 
been investigating their sugar resource's. ( 'ommi.ssions appointe'el by 
various governments have of late been care*fully studying the* situation 
with ijespect to the production of sugar. The* elirect fe'rmentation of 
wood fiber or cellulose to make alcohol is a proble'in on which work has 
lx?en done and the solution e)f such a problem wexild appe'ar to solve 
the motor fuel requireme'iits for a number of countries de*ficient in 
natural pt*trol(;unj. 

Benzol, the volatile spirit of coal tar, is also an excellent motor fuel 
and is being used extensiv(*ly at the pr(*sent time* usually in (^Imixture 
with gasoline. ^It has excellent propelling power, but the sypply is 
not great in compar7s?>h^ith gasoline*. 

Considerable attention is b(*ing given to the* adaptation of lu'avy^ 
oils, such as kero.sene, for use in present types of motors. This is a 
very important and interesting subject avd the succe'ssful solution (?f 
the problem, which n^quires both engineer and ch(*aiiHt, m(*ans increas- 
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The field of motor fuel has beeoiia' so enormous that a spexjial 
treatise on this subjc;pt appeared to be warranted. The authors have 
endeavored to brinjj; together in this volume such material as would 
constitute a substantially complete survey of this. field. An endeavor 
of this description^has not been without its labors and while short- 
comings undoubtedly will be discovered in its pages it is believed the 
iJook will be found to afford a description of practically every process 
of making gasoline and of most oth(‘r motor fuels of promise and promi-. 
nonce. 

Since motor fuels have secured so strong a foothold in the everyday 
affairs of mankind there has been the most remarkable activity among 
inventors and engineers to improve the iiK^thods of making gasoline - 
and to utilize kerosene, benzol, alcoliol and the like as well as to contrive 
th(‘ production of entirely new^iQuid fuels. As a result thousands of 
pat(‘nts hav(‘ issued. The authors’ survey of these patents has, it is 
hoped, b(M*n ad('quate to meet the n'quirements of the numerous in- 
vestigators now concerned with the manifold phases of this field. It 
is th(‘ expectation of the authors that the volume \Aill be found to con- 
tain very many suggestions to the practical operator for the improve- 
ment of plant methods. Effort 1ms been made to strike a balance 
between th(‘ theoretical and the practical in the descrii)tion of this 
industry. For the inventor and patent attorney the volume should 
be of considerabh' service; and the business man or bank(T who is in- 
terested in d(*veloping or promoting some one of the many methods 
advanc(’d for the production of motor fuel, will find the book of easy 
reference owing to the complete ind('x which is appended. • 

The criticism may be advanced by some that the inclusion of so 
large a number of proc(‘sses di'scrilx'd only in the patent literature is 
und(‘sirable as it tends to encumber the pages with what tlu^y might 
term to bo usidess material. The authors have already given this 
consiTleration careful thought and in doing so reached the conclusion 
tha# a complete survey of the art was bett^Whaif a fragmentary dis- 
cussion. Such a decision was reached after observing how certain 
IliBthods which were advocated years ago and at that time were held 
up to derision are now in opf^ration on the large scale. Systems whiA 
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looked entirely impracticable a few y^ars ago^ today are regarded as 
vital in the industry. In the domain of motor fuels one iinin’ovement 
has quickly fqlle^ved another and it is of interest to obswve this deriva- 
tioi^and to note th(‘ correlation of ideas. This treatise propos/.'s to 
show such derivation of different processes as far as possible. 

It is perhaps a superffuity to add that the greatest source of motor 
fuel is gasoline, partly naturally derived by a simple' distillation of 
crude petroleum and partly derived by the lu'at decomposition ©f 
heavy oils or the so-called cracking processes, the number of which is 
legion. The possibility of converting low-grade petroleum residues 
into gasoline by the cracking method has called for inventive effort 
of the most marked ingenuity, and more than twenty chapters of the 
volume are devoted to the description of cracking processes as thesji' 
undoubtedly will l>e foremost in the ways and means of producing motor 
fuel for many years to come. A substantial amount of gasoline is 
recovered from natural gas and casing head naphtha has become a 
well known product to refiners and blenders of motor fiit'ls. Shale 
oil is coming into prominence in this country and abroad. 

In the following chapters will be found a coivsiderat ion of our res(*rv(‘ 
supplies of motor fuel, methods of preparation of typical fiU'ls, sucli as 
Ix'uzol and alcohol, as well as a di.scussion of the relative merits of such 
materials as compared to tho.se posse.ssed by ga.soliiu'. 

The substances enumerated abov(', fiz. alcohol, shah' naphtha, 
benzol, toluol, etc., and the light oils distilled from asphalts, inff'rior 
coals, lignite and peat are, singly or suitably blended, illustrations of 
real ‘‘.sub.stitutes’' for ga.soline, as distinguishc'd from certain mix- 
tures, the actual merit of which often falls short of tlu' claims made 
by promoters and adveilising ag<*nts. These mixture's freepu'ntly 
contain a heavy oil mixed with a very volatile sub.stance. Sometinu's 
they constitute a satisfactory motor fuel, but in many cases it is doubt- 
ful whether any actual economy n'sults from their use, although this 
is frequently a question of local conditions. The' authors consider 
that ever)^ ('ncouragement .should be given to n'search direct ('d toward 
the increase in our fuel re.seiwe and supply by the' intelligent and se-ien- 
tific blending of fuels from different sources anel of different prope'rtie's. 
Consideration to this matter is given in C'hapter I, anel elsewhe're' 
throughout the treati.se. • 

• The subject of motor fuel testing might well occupy a volume by 
itself. Most motorfsts Ifn* intere.sted to know he)w many “miles per 
gallon” they obtain with their car. By u.sing a good graele of blendec^ 
benzol, such as is obtained from some of t^e* public utilities companies, 
and comparing mileage under similar conditions with that obtained 



with “ straight gasoline, the i\otorist may secure data for estimating 
the effipiency of benzol as fuel. Information of this sort is obtained in a 
manner that i^ more accurate and convenient, by th^3 i;f?o of a dyna- 
mometer. iThis instrument, properly manipulated, is the ^'coujt of 
last resort” when* comparing relative fuel efficiencies. 

It is hoped that chapter 2, which discusses the question of the test- 
ing of motor fuels, will be sufficiently informative to prove valuable 
tt) those whose interest is directed toward this phase of the subject. 

In conclusion, the authors desire to express their thanks to all who 
have contribided their (effort and criticism, including Mr. Joseph Tracy, 
Mr. Frank A. Howard of the Standard Oil (Company, Mr. F. N. Williams 
of th(^ Massachusetts Oil Refining Company, Mr. D. J. Collins of the 
J anted Oas Improvement Company, Dr. Gustav Egloff of the Universal 
Oil Products Company, Me.ssrs. Moore, Toomey and Morrell, formerly 
associated with Dr. Egloff at ('olumbia University, Dr. A. M. McAfee 
of the G^f R('fining Company, and others. 

It is also desired to acknowledge frc'e use of the publications of th(' 
rnit(‘(l States Bureaq of Mines and United States Geological Survey, 
the <‘xcell('nce of which it is needh'ss to state. 

Th(‘ authors likewise wish to acknowledge their use of the profes- 
sional literature and to expre.ss th(*ir indebtedness and also their con- 
gratulations to the host of workers whose untiring elTorts hav(' placed 
the sci(‘nc(‘ and art of motor fuel manufacture in the advanced position 
where it is found today. /- 

It is tli(‘ desin' of the authors to mak(‘ this voluiiK' as comprehensive 
a treatise on gasoliiK' and other volatile motor fuels as is possible to 
compass in th(' space allotinl and to this end any omissions, criticisms 
and suggf'.^tions which the r(‘ad(‘r may offer will be gratefully acknowl- 
edg(Hl. Th(‘ authors especially would like to receive from those en- 
gaged in d(*velopment work, such descript iv(‘ matter and data as would 
be useful in the preparation of subseqmait editions of this volume. 

Ki.LIS L\B()IUT()HIKS, • 

OS (Irr(Mnv(K)d Av<\, , (W.RLE10N ELldh 

Montc’Laih, N.J. 


(Minton Street, 
M.U.i)kn, Mass. 
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INTRODUCTION 


Many of the readei‘8 of this volume will readily recall the days 
wh*en gasoline found practically no commercial outlet and was looked 
upon as a by-product and nuisance of the oil refinery. The stationary 
gas engin(‘ did but little to incr(‘ase th(‘ market. The advent of the 
automobile', however, suddenly change'd the situation. Clasoline be- 
(!am(‘ th(‘ chief instead of the by-product. Refineiies were recon- 
sttuct(‘d to operate to produce the maximum of gasoline and othei* 
products often wen' consick'red of a subsidiary nature'. 

The' de'inanel for gasoline e)r e'quivalent me)tor fuel now comes from 
e've'ry de'j);irtment of our ('cemeemic anel industrial life as a nation, as 
W(‘ll as front the corresponding phases of the activities of other nations 
and ])rincipaliti('S. Farmers re'epure' gasedine te) plant and harvest 
the'ir croi)s. Railre)ad transpe)rtation facilitie's are' not adeeiuatc and, 
in many case's, ne)t sufficiently ffe'xible', to ke*ep pace' with the' inter- 
course betwe'cn towns anel municipalities, e)r te) satisfy the modern pas- 
sie)n fe)r r('e‘re'atie)n as complete'ly as this is ae;ce)mplishe'd through the 
me'elium e)f the' pk'usure' aute)mobile. Six hundreel anel fifty per cent 
is the figure'* that me'asure's the' incre'ase in de'mand fe)r crude' petroleum 
in the' last fc'W years; while' pre)duction in the' same pe'rie)d of time 
has incre'ase'el e)nly 150 pe'r cent. A registratie)n of over 10,000,000 
me)te)r ve'hicK's in the Fnite'el State's alone is ce)nservafi\Tly e'stimate'd 
for the' first of January, 1022. AVith the pre'sent relative balance* 
b(‘tw('e*n cruele* e)il pre)eiuctie)n and ce)nsum])tie)n, it has bee'n estimateel 
by se)me authorities that the* oil fie'lds of the Ihiited States will be 
e'xhauste'd by lOffo. From oil wells by present methoels only a small 
part, i)rol)ably not meere than 10 te) 20 pe'i* e;ent, of the* e)il ck'pe)sit is 
withelrawn. Oil is te'iiaciously retained in tlv' micre)scopic pores of 
sanelstone) anel other formations in a manner which has been likene'd 
to water helel in a spe)nge. As one of the first considerations in insur- 
ing ii future supply of gasoline Manning advocates te'chnical and 
scientific invest igatie)ns under gewe'rnment auspices, directed tejward 
the* winning of the 80 or 90 per cent of o\\ now bek^d in porous strata. 

The methoel e)f increasing the* supply of gasoline, commonly known 
as the e'racking process, cemsists in converting a portion of heavy petro- 
leum distillates into lighter^oils by the application of some form of 
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enei-gy, usually heat. An examinatiq!:! of many of tho processes pro- 
posed for accomplishing this conversion might lead the layman to 
believe that it ?vould be readily feasible to remove naphtha from crude 
pefroleuni and to convert the remaining residue into naphtha by the 
application of a cracking process. There are sevenil i('asons why 
this is not done at the present time. 

First, it is usually desirable when(‘ver commercially piacticable to 
recover lubricating oils and wax, which in thems(‘lv(\s poss(‘ss valpies 
greater than could be realized, in general, by a conversion opcaation 
directed solely to the production of gasoline. This necessitat('s pro- 
tecting the lubricant fractions from any decomj)osition which might 
impair their value and precludes the application of cracking to thos(^ 
residues containing the desired lubricants. , 

Secondly, to convert any residue or distillate boiling above the 
i-ange of temperatures commonly connected with the properties of 
finished gasoline, (piantitatively into lower boiling hydrocarbons is 
theoretically and practically impossible. In practice a (*er^nin amount 
of gas and coke (or at least oils possessing carbon contents gnuiter 
than that of the oils selected for cracking) are always foriiKMl. Th(‘o- 
retically it is impossible to convert, quantitativ(‘ly, a higlu^r boiling 
saturated hydrocarbon into a lower boiling one, similarly satnrat(‘(b 
unless extraneous hydrogcm, in some form, is caus(‘(l to (‘nt(‘r into the 
decomposition reaction. 

Although the recov<‘ry of lubricants and wax in many cas(‘s militat(‘s 
against the atteippt to crack, in their (mtindy, oils from which naiditha 
and burning oil hav(‘ been removed, n(*V(*rth(‘l(‘ss tlanv an' cas(\s wh(‘re 
such a procedure might be economically <*arricd out. if a suitabli' procf'ss 
were available for carrying it into efi’cct. 

\{ the present tinn*, a proce-^ not known to tlu' authors for ('\e- 
cuting this plan comnu-rcially and (‘cotiomically. Tli(‘ de[)osition of 
coke and oth(‘r difficulties inherent in the (‘volution of ;i nuthod for 
accom|liishing this pur[)os(‘ do not as yet app(‘ar to have' been sur- 
mount('(f, in spite of the host of cracking processc's that have been 
propos(‘d. There are probably methods which will accomplish th(' 
desired ends, in \\h()]o or in part, but tla^y do not app(‘ar at pirsc'ut to 
have been brought to large* scale* development, as is e‘viele*nced in part 
by the fact that only about 15 per ce*nt of the gasoline now anitually 
consumed in the I nited States is obtained by cracking me*thods. ^ 

The raw materfal ^*iy largely used today for the production of 
cracked gasoline is gas oil, the yie*ld of which may be* from 10 to 40 
per cent of the entire crude*. This yieldf% say 25 p(‘r ce*nt of gasoline 
by cracking. The amount of gasoline produced by cracking processes 
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ing greatly our fuel supply. The question is partly lone o£> engine 
(l(\sign, partly one of finding a suitabhi coniinercial blend. 

There is a vast difference between the scientific blending of fuels 
and the production of mixtures made merely to sell. 

Attention is called to the numerous proposals which appear from 
tinu; to time in the press for making motor fuel from some inconceiv- 
ably cheap material. These, when investigated carefully, generally 
prove to be mixture's of various volatile combustible materials many 
of which are considerably more expensive than gasoline. It is time 
that light should be thrown on compositions of this character which 
aiv: henalded by the press in many instances as representing discoveries 
of wonderful value but which in point of fact arc not based on sound 
chemical or eilonomic principles. Money should not be frittered away 
in ('xploiting fuels which have no proper fundamental right of existence, 
and the present volume eiuh'avors to make clear in what fields and 
along what routes the motor fuel industry may be preserved and car- 
ried out to best advantage. 




MOTOR FUELS 


CHAPTER I 
MIXED FUELS 

^ It is possible to operate an internal combustion engine requiring 
a volatile or relatively volatile fuel, for example the automobile motor, 
with any combustible fluid provided the latter possesses (a) the ability to 
vaporize with sufficient rapidity, (6) the property of exploding when 
its vapor is mixed with air and provided that the pressure developed 
by the explosion or inflammation of the air-vapor mixture is sufficient 
to do the work necessary. This naturally permits wide latitude in the 
choice of pure substances or mixtures intended for use as motor fuel. 
The average fuel cost per brake horsepower developed per hour, 
operating properties such as smooth running at various speeds and 
under varied climatic and seasonal conditions, ease of starting from 
“ all cold,” rapid accelerating ability, the nature and .properties of the 
products of combustion (complete and incomplete), the effect of those 
products on the cylinder and other engine parts, the available supply 
of the fuel from year to year — • these and other standards place practical 
limits on the choice of raw material. 

As classes of raw materials to choose from there are first the hydro- 
carbons. These may be divided into two general types: (a) petro- 
leum hydrocarbons including the paraffins, olefins and acetylenes, the 
alicyclic and naphthene hydrocarbons and (6) aromatic hydrocarbons. 
Secondly, there are the compounds containing qxygen in addition to 
carbon and hydrogen, including the alcohols and ethers. A third and 
miscellaneous class includes substances such as carbon monoxide, carbon 
bisulpjjide, and the elements carbon and hydrogen. 

A thorough examination will disclose the fact that investigators 
have'drawn heavily upon members of the family groups enumerated 
in the endeavor to increase the present and futflre supply of available 
motor fuel. 

One of the main ideas has been to make a fuel which is composed 
of more than one type of substance, for example alcohol and benzol. 
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or benzol and gasoline, or alcohol, benzol and gasoline, gases dissolved 
in liquids (e.g. acetylene in acetone, illuminating gas in benzol, olcfinic 
gases in alcohol) or solids dissolved in liquids (e.g. naphthalene in 
benzol). These proposals are fundamentally correct since they con- 
template drawing upon as many of our natural resources as possible, 
with a view to avoiding the depletion of any one of those resources. 

Again, the inability of the present type of gasoline engine to burn 
heavy fuels has led to research which will modify those heavy fuels so 
that they will be as suitable for the purpose as gasoline. At the base 
of this endeavor lies the phenomena of minimum boiling mixtures which, 
stated briefly means that when certain liquids having relatively high 
boiling points and mutually soluble in each other are combined in a state 
of solution in the correct proportions, th(^ mixture or solution possesses 
a constant boiling point and one which is lower than that of any of the 
bodies of which it is composed. The mixture may involve two or 
more individual substances. There is a great deal of opportunity for 
investigation for the purpose of lowering (in eff('ct) the boiling points of 
the heavy hydrocarbons (and higher alcohols) by determining mixtures, 
containing these substances, which possess comparatively low and 
constant boiling points. 

In the attempt to utilize the comparatively high boiling oils, some 
investigators have endeavored to contribute volatile properties to these 
substance's by dissolving gases in the oils. Such solutions, however, 
cannot hope to meet with much success, in general, particularly where 
the oil is of the more nonvolatile variety. Other proposals go still 
further and attempt to force the issue by employing such substances 
as picric acid, ammonium nitrate, etc. Except in special cases, the 
latter idea does not appear to possess much genuine merit. 

It would appear that the economic necessity for “ mixed ’’ volatile 
fuels will continue to grow, for some time, in view of the increase in 
the production of motors for automobiles, aeroplanes, and other pur- 
poses and considering that the production of petroleum, at least in the 
United States, is expected to reach a maximum in a few years.^ 

1 Appropriation of .$250,000 for the use of the Bureau of Chemistry in the dis- 
covery of a substitute for gasoline is called for in a bill introduced in the Ilo^se by 
Representative Harold Knutson of Minnesota (Chemical Age, New York, Vol. 28, 
1920, p. 189). 

In view of the threatened shortage of gasoline,” said Mr. Knutson, “ I have 
been moved to prepare and introduce the resolution which follows below. In the 
three years that I have been in Congress I have given this subject considerable 
study. My first plan wjis to take off all restrictions, on the manufacture of denatured 
alcohol, but it was thought by many members of Congress that this would result 
in a large number of illicit stills springing up over the country, a'nd in deference to 
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J. H. Hunt ^ classifies the difficulties encountered in the use of fuels 
heavier than gasoline as follows: Starting, carburetion, dfstribution 
and combustion. Bringing the temperature of all parts of the car- 
buretor, kilct manifold and cylinder walls to the final operating tem- 
perature by means of special heating devices before cranking, or at 
least before using a heavy fuel, is advised. The practice of choking ’’ 
in starting, that is, supplying an excessive amount of fuel, of which 
onfy a small amount is vaporized, to form an explosive mixture', leads, 
it is stated, either to tarry deposits in the cylinder, or often to leakage 
past the piston rings into the lubricating oil in the crank case. 

Butterfield ^ considers that a matter which calls for fui’ther in- 
\Pestigation is the relative bearing of different physical proi)erties of 
the several constituents of motor spirit on eeisc of starting an intcM’nal 
combustion engine when cold. It is wtdl known that of two diff(axmt 
branefs of gasoline, both giving practically th(' same' distillation curve, 
one affords (*asy starting while the other pres('nts great trouble in this 
respect, though once the engine is running th('re is nothing to choose 
between the two brands. Sometimes, indeed, the gasolines which is 
troublesome jit starting is distinctly superior, if the engine becomes 
overheated, in respect to liability to pre-ignition. It is not certain 
on what characteristics of gasoline case of starting depends, for though 
the vapor pressure at low temperatures and vapor density are un- 
doubtedly of primary importance, it seems likely that the temperature 
of ignition plays a part here as it certainly does in determining the 

ttieir views I have temporarily given up that plan for the one now called to your at- 
tention. This resolution I have introducied in the House. 

Text of Hill: “ Whereas, gasoline is a commodity of universal use and is indis- 
pensable in the agricultural and commercial jirogress of modern civilization, and 
the paramount importance of a sufficient supply of gasoline, or a suitable substitute 
therefor to supply the needs of the American people is a self-evident proposition; 
and 

“ Whereas, the reserve and visible supply of gasoline^is being rapidly exhausted 
by the growing demand, and the price of which is being advanced to unprecedented 
levels; and 

Whereas, the existing scarcity of gasoline and its threatened total exhaustion 
in the^nited States has become a matter of such grave concern to the agricultural 
and commercial interests of the country that it becomes absolutely imperative that 
a substitute therefor be found: Therefore be it ^ 

‘‘ Resolved by the Senate and House of Representafivbs of the United States of 
America in congress assembled, that the sum of $2.50,000 be and is hereby appro- 
priated to be used by the Bureau of Chemistry, Department of Agriculture, in dis- 
covering a suitable substitute f(jr gasoline.” 

^ J. Soc. Automotive Engineers, 1919, 202. 

* Reports of Sfec. Chem. Ind. 1917, II, 74. 
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liability to pre-ignition. The spontaneous ignition temperatures of 
liquid fuels have been investigated by H. Moore, especially, however, 
in regard to fuel oils suitable for use in Diesel engines.^ His work, 
however, leads to the general conclusions, which are applicable to 
motor spirit also, that aromatic compounds have much higher ignition 
temperatures than aliphatic compounds, saturated compounds higher 
than unsaturated, and compounds containing simple molecules higher 
than similar compounds containing more complex molecules. These 
conclusions should be very helpful to compounders of “ gasoline sub- 
stitutes,^’ whose empirical pioneer work should not be despised, since 
there is little question that in the near future the bulk of the motor 
spirit supplied will be prepared by blending materials of different 
origin, composition, and characteristics. Apart from the benefit to 
be derived from the utilization by this means of large quantities of 
materials unsuitable alone for use as motor spiiit, it seems probable 
that a full knowledge of the properties and behavior of different series 
of hydrocarbons, etc., will lead to the preparation of motor spirits by 
blending which will be superior to any straight-run gasoline, when all 
essentials of a good motor spirit have been taken into account. 

An uni(]ue suggestion for the production of a liquid fuel suitable for use in internal 
combustion engines comes from J. M. O^Brien,* Ordinary commercial paraffin is 
agitated with strong sulphuric acid, bleaching powder, and petroleum ether re- 
spectively. The filtered material may be mixed with gasoline in various propor- 
tions, and if desired ^ay be treated, it is said, with silicic acid in an absorbent form. 

The type of gasoline substitute which is of most importance at the 
present time is the mixture of hydrocarbons obtained as a by-product 
in the coking of coal, according to E. W. Dean.^ These so-called coal 
tar distillates, including benzol, toluol, xylol, etc., are hydrocarbons 
which are somewhat similar to the hydrocarbons found in petroleum, 
although of course there arc well-recognized physical and chemical 
differences. During the war, coal tar distillates were largely used 
in the production of^ explosives and other munitions, but since the 
termination of hostilities a considerable supply has been rendered 
available for motor fuel. Several companies have already undertaken 
to market benzol mixtures and in the course of its 1919 survey the 
U. S. Bureau of Mines secured a number of samples which were sold 
as gasoline substitutes containing benzol. The distillation cur\e of 
one of the samples is shown in Fig. 1 and of some of the other samples 
in Fig. 2. The products are generally mixtures of coal tar distil- 
lates with petroleum naphtha. These products have been used under 

1 J. S. C. 1., 1917, 109. ^ British Patent 111,804, Sept. 5, 1916. 

» J. Frank. Institute, March, 1920. 
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widely varying conditions and in some cases favorable results have been 
obtained, in others unfavorable results. Inquiries m^de hafe usually 
been answered, according to Dean, by statements either that the sub- 
stitutes \^re very satisfactory or very unsatisfactory, few of the users 
seeming to have found them about the same as petroleum gasoline. 

The use of coal tar distillates as motor fuel does not, however, 
offer an ultimate solution of the motor fuel problem, as the total produc- 



Fig. 1. — Showing distillation curves of three different types of motor fuel. (1) A 
blend of alcohol, benzol, and kerosene. (2) A blend containing benzol as principal 
consti^ent. (3) A straight refinery motor gasoline. 

tion^of these hydrocarbons is rather limited. In discussing this subject 
in a paper prepared several years ago Dean ooltecteTl some statistics 
which are represented graphically in Fig. 3. This figure shows: 

1. The nation’s gasoline production in 1916. 

2. An estimate of the tcHal light oil production if all the bituminous 
coal mined in tl\^ country were coked in by-product ovens. 
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3. An estimate of the production of light oil, if all coking ovens 
were of the by-product type. 

4. An estimate of the actual light oil production for the year 1917. 
The actual figure for hydrocarbons suitable for motor fuel i^, even less 

than that for total light oil produced, and it appears, therefore, that as 
a motor fuel resource, coal tar distillates are of relatively small impor- 



Fig. 2, — Showing distillation curves of four motor fuels containing coal-tar 

distillates. 

tance. It may, for instance, be stated that since 1910 the production 
of gasoline has practically doubled while the quantity of coal mined has 
increased only albouP \7 per cent. The real importance of coal tar 
distillates as motor fuel occurs in districts adjacent to by-product 
coking operations where a reasonable proportion of the local gasoline 
supply may be filled by coal tar products. ' 

Benzol and other coal tar distillates have certain disadvantages 
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when compared with petroleum gasoline but have other very marked 
advantages; particularly in freedom from tendency* to kSock. An 
additional advantage lies in the fact that they have a considerably 
higher caiorific value per unit volume, and as this is the basis on which 
the user buys, he gets more for his money than he would from petroleum 
gasoline. It is believed that coal tar distillates, if properly used, are 
very satisfactory motor fuels and that there should be little difficulty 
in finding a market for the entire supply. 
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Fig, 3. — Showing tho relative magnitude of iMdroleurn gasoline production as 
compared with possible ro«ourc(‘s of coal-tar distillates. 

J. A. Stoneham ^ suggests a fuel for internal combustion engines 
consisting of a mixture of benzol with derivatives of petroleum having 
a flash point above 120° F. (49° C.) and coal-tar distillates having a 
flash point between 80° F. and 90° F. (27° 32°C.). A small quantity 
of ether may be added to the mixture. 

Crude wood naphtha mixed with kerosene is proposed as a motor 
fuel by G. F. Dinsmore.^ The acetone in the wood naphtha is dis- 
solvi'd by the kerosene, and the solution is separated from the ’undis- 
solved methyl alcohol. 

Belisario Diaz Ossa^ describes a fuel designed to make Chile in- 
dependent of foreign petroleum and gasoline. It is called “ E-H-A,’’ 
the name being abbreviated from the words ‘‘ eter-hidro-carburo- 
alcohol ” (i.e., ether, hydrocarbon, alcohol). It was developed by 
Letoinbe and Mauclere in 1916-1917, and consists o^ alcohol, 65 per 
cent ether, 10 per cent light gas, benzine 25 p^ Tent. It is stated to 
have properties analogous to those requisite for automobiles. 

1 Chem. Abs., 1918, 42.^ British Patent 110,132, July 10, 1917. 

2 J. S. C. I. 1920, 290 A; IJ. S. Patent 1,331,054, Feb. 17, 1920. 

* Chem. Abs., 1919, 2271: Bob soc forrnento fabril 1918 (35), 41-3. 
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A series of analyses made by G. Chavanne, L. P. Clerc and L. J. 
Simon ^ on German aviation gasoline show these fuels to have a marked 
regularity of composition. The samples averaged a content of benzol 
2.62 per cent, toluol 4.25 per cent, xylols 1.6 per cent. Alicj'clic con- 
stituents amounted to 40 per cent and acyclic hydrocarbons, 50.5 per 
cent, as found by difference. 

G. E. Heyl ^ states that the yield of lighter liquid hydrocarbons in fractionally 
distilling heavier hydrocarbons (mineral oils, coal oils, coal-tar oils, shale oils, Imd 
the like) is increased by impregnating the oil, before distillation, with a hydro- 
carbon gas or with hydrogen, without external heating. By preventing an increase 
in temperature during absorption, or, by reducing the temperature of the hydro- 
carbon, during absorption, below the prevailing temperature, the yield is said to be 
still further increased. * 

G. E. Heyl and T. T. Baker * manufacture motor spirit by dis.solving hydrogen in 
liquid fuels such as gasoline, benzine, or alcohol. The liquid is sprayed into the gas 
within a chamber supplied with a safety valve. The solution may be passed over 
cold or heated aluminium or nickel in a tube to aid the retention of the gas. In a 
smaller apparatus twin opposing nozzles are usetl. 

G. E. Heyl and T. T. Baker ^ propose the following mixture: 75-50 per cent 
gasoline, mixed with 25-50 per cent of the liquid obtained when the 170-230® C. 
distillate (middle oil) of coal tar is freed from naphthalene and tar acids. The 
mixture is filtered before use. 

The ease with which carbon bisulphide is ignited has led to proposals 
for its use with other fuels of a less volatile nature. For example 
A. A. Backhaus proposes a blended fuel suitable for use as motor fuel, 
formed of ethyl alcohol 25, gasoline 25 and carbon bisulphide 8 parts. 

A fuel containing ether is suggested by A. de-feo. Lopez.® He 
partially converts alcohol into ether by bubbling the former through a 
mixture of alcohol and sulphuric acid at 100^ to 150° C. (212° to 302°F.). 
The product is rectified and is mixed with from 10 to 40 per cent of al- 
cohol and from 5 to 50 per cent of a suitable hydrocarbon distillate, 
the final mixture having a specific gravity of 0.730 to 0.780. 

The Motor Truck reports that some very interesting trials have 
been conducted by Dieterich with benzol and other fuels on an Opel 
car with an engine having cylinders 70 millimeter bore by 100 millimeter 
stroke with standard type of carburetor. The tests were made on a 
stretch of road 10 kilometers in length under equal conditions regsirding 

^ Compt. rend.^(1919), 169, 693-5; Chem. Abs., 1920, 464. 

2 J.vS.C.L, 1918,4ffli^P; British Patent 111,933, Jan. 5, 1917. 

• British Patent 11,756, May 20, 1913; Chem. Abs., 1914, 3628, 1914, 2241. 

• Chem. Abs. 1916, 1266; British Patent 21,738, Oct. 29, 1914. 

6 Chem. Abs. 1920, 463; U. S. Patent 1,324, J65, Dec. 9, 1919. 

• J. S. C. I. 1919, 891 A; British Patent 133,434, 1918. 

» Nov., 1913, p. 876. 



9 


•MIXED FUELS 

temperature and weather. The results obtained wiih tho, different 
mixtures are as follows: 

1. Ether. — Ordinary ethyl ether made from alcohol and sulphuric 
acid, conifaining about 64.9 per cent of carbon, 13.5 per cent of hydro- 
gen and 21.6 per cent of oxygen; specific gravity, 0.718 to 0.725; 
calorics, 9000 per kilogram. Used as fuel, unmixed, quickly stalled 
motor, mainly by reason of the great cooling produced by the rapid 
cvsfporation of this highly volatile liquid. 

2. Petroleum Ether. — Propane, butane, pentane (mainly the 
latter), containing 85 per cent carbon, 15 per cent of hydrogen; specific 
gravity, 0.650 to 0.680; calories, 11,000. Results poor, as under 1. 

3. Light Gasoline. — (Hexane, heptane and octane), carbon, 
85 per cent; hydrogen 15 per cent; specific gravity, 0.680 to 0.720; 
calories, 9500 to 11,000. Produced a nia iinuin speed of 50 kilometers 
per hour with a consumption of one liter for (‘ight kilometers. The usual 
advantages over benzol and heavy gasoline in the way of rc^sponsivc 
acceleration and the greater power arising from rapid flame propagation. 

4. Heavy Gasoline. — (Octane and higher grade paraffin), carbon, 
85 per cent; hydrogen, 15 per cent; specific gravity, 0.730 to 0.760; 
calorics, 10,500. Produced a maximum speed of 44 kilometers and a 
consumption of one liter for seven kilometers. Motor sluggish and 
acceleration slow. 

5. Benzol. — (Benzene); carbon, 92 per cent; Jiydrogen, eight 
per cent; specific gravity, 0.8997; calories, 9500 to 10,000. Gave nine 
kilometers to th(! liter but a maximum speed of only 42 J kilometers. 
Same drawbacks as with heavy gasoline. 

6. Heavy Gasoline and Ethyl Ether. — Equal weight parts. Re- 
sults poor; very little power. 

7. Same Ingredients. — Proi)ortion 1:1.5. Results poor, showing 
ether to be useless for admixture, apart from price consideration. 

8. Heavy Gasoline and Petroleum-(‘thcr. — Ecpial parts; specific 
gravity, 0.701; calorics, 10,000. Gave eight kilpmeters to the liter, 
maximum speed 45 kilometers. The acceleration was better than with 
heavy gasoline alone. 

9. Same Ingredients. — Proportion 1:15. The results were almost 
as poor as with petroleum-ether alone. 

10. Benzol and Petroleum Ether. — 1:1.5; spccifni gravity, 0.705; 
calories, 10,750. Gave eight kilometers to the Titer; maximum speed 
48 kilometers. Acceleration and results generally better than with 
benzol alone. 

11. Same Ingredients. — Equal parts; specific gravity, 0.725; 
calories, 10,500. «Gave eight kilometers to the liter; maximum speed 
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50 kilometers. ^Took grades on third speed which with ordinary gaso~ 
line required second speed. An important improvement upon un- 
mixed benzol. 

12. Same Ingredients. — Proportion 2:1; specific gravity, 0.797; 
calories, 10,300. Gave a little more than eight kilometers per liter and 
a maximum speed of 54 kilometers. Took all grades with higher gears 
than possible with other fuels. Good acceleration and lively explo- 
sions. Better than ordinary gasoline of 0.680 to 0.720 gravity. ‘ 

The supplies of benzol vary very considerably in quality, and in 
view of the position that benzol seems likely to take as a motor fuel, 
some standard of composition should be decided upon. The best 
volatility and the permissible amount of impurities such as sulpluir 
should be asc('rtained and fixed; there should also be some limit to the 
amount of toluol which it is necessary to add to keep the fluid liquid 
at low temperatures. The worst feature in connection with benzol 
is said to be its smell, but it is a fuel which must bo encouraged by all 
possible means. 

The Use of Naphthalene.^ — Some attention has been given to the 
use of naphthalene as a fuel. A trial was carried out in Paris witli 
a two-cylinder Renault cab fitted with a special carburetor consist- 
ing of a melting receptacle in which the supply of melt('d naphtlialene 
is maintained by the (‘xhaust at a heat al)Ove its melting point, and 
from which it is conveyed to a heated float feed carburetor. The engine 
has in the first instance to b(‘ start(‘d on gasoline in order to lu'at up 
the naphthalene. The time occupi(‘d in running on gasoline l)efore 
the naphthalene can be switcluHl on is 13 minutes 37 s('con(ls. A slop 
of 10 minutes can be made without any furtlnn’ use of gasoline, while 
a stop of 16 minutes necessitat(*s its use. The consumption worked out 
at 14,228 kilograms for 100 kilometers, at an averag(^ speed of 34.4 
kilometers per hour. The price of the fuel was six francs per 100 
kilograms, bringing the cost per 100 kilometers up to 0.85 francs, to 
which must be adde(J the gasoline for starting. 

In another test conducted by the Automobile Club of France', 
a car when running on naphthalene ^ showed an economy of 60 per cent 
over gasoline. In Germany the Gas Motoren Fabrik Deutz con- 

* Motor Truck, ibid. 

^ Naphthak'n^j was placwl on the market in France a few years ago (Cheni. 
Abs., 1913, 3223; Anon. Vetroleum Rev. 28, 072) as a suitable substitute for motor 
spirit. It hiis a comparatively high volatility ami a sufficient degree of calorific 
power. The annual output of naphthalene in France was given at that time as 
14,000 tons. Some defects of it, namely, its higfi melting point are now being ob- 
viated by using it with benzine, benzol, petroleum, etc., and such mixtures are said 
to work very well in carburetors. 
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structs a stationary motor specially designed for this ^uel. The pro- 
duction of naphthalene in Great Britain is about 126,000 tons, in 
Germany 175,000 tons, and in France 30,000 tons. The melting 
temperature is 49.2° G. melting point of pure substance is 80° C. and 
boiling point 218° G. The combustion of naphthalene is very similar to 
that of benzol and with practically the same heat value. The price of 
na])hthalcne in Great Britain has been as low as 75s per ton, and its 
proauction is stat('d to be considerably greater than that of benzol, 
but to convert it into practical fuel for motors is more the work of the 
chemist than the engirK'.er. 

The residue obtained from a crude benzol still of a Simon-Garv("^’s 
plant, known as na[)hthalenc oil, is cooled and drained off from naphtha- 
lene and, according to F. Spicer and H. Jackson ’ the oil is distilled 
till the whole of the lighb'r oil and heavy miphtha and a small jx)!- 
tion of naphthalene are drivcai off, and this distillate is washed and 
treated with acid, soda, and water, distilled again up to lOO"" G. and 
mixed with about oncvtwelfth pai't by weight of cruder benzol or gasoline 
for use as a gasoline substitute. 

‘‘Energizing” Gasoline.^ A good deal has been heard about energiz- 
ing, or “doping ” gasoline by, among other substances, picric acid which 
contains 18 ])er cent of oxygen, but does not readily dissolve in gasoline. 
Ammonium nitrate containing 60 per cent of oxygon is another sug- 
gested energizer, but this again is only slightly soluble in gasoline and 
the same difficulty has to b(' faced with acetylene gas. It is, of course, 
oxygen that is recpiired, and the only known means of admitting this 
is stated to Ik; through the inlet pipe. 

In ord(‘r to increase the proportion of oxygen in explosion mixtures, 
hydrocai'bon vapor and moisture an' subjected to electrolysis by H. 
Csanyl while being led to the point of coml}ustion, in order to decompose 
the water in the mixture and augment, the proportion of oxygen in the 
mixture. 

Both in France and Germany the conclusion dias been arrived at 
that if alcohol is to be used it must be enriched or blended, and benzol 
has been tried for this purpose. The ’Bus ('ompany in Paris has made 
extensile trials of mixtures of alcohol and benzol, in the proportions 
of 50 per cent, the consumption per kiloinetric ton being 0.09 liters. 
These motors were worked at a compression of ab^ut 400 pounds per 
square inch and ran at 900 revolutions per minute. They were fitted 
with an automatic regulator to prevent any increase. The most efficient 

1 J. S. C. I. Vol. 38, 1019, 62>A; British Patent 120,010, Sept. 10, 1917. 

2 Ibid. . 

« Chem. Abs. 1020, 1437; U. S. Patents 1,333,836 and 1,333,837, Mar. 16, 1920. 
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speed wa^ founc^ to be 650 revolutions per minute. Experiments have 
also been conducted with a mixture of acetylene gas and alcohol. In 
the Barker and White system diluted alcohol is sprayed on to calcium 
carbide. It would appear that the addition of acetylene ^idds con- 



Fig. 4. — Chart showing relative magnitudes of gasoline consumption, produc- 
tion and stocks on hand in United States over a period of two years (1917-^18-19). 

siderably to th^ speed of ignition of the vapor. Picric acid ha8 also 
been suggested as arf enricher of alcohol, and investigation in this 
direction has resulted in the conclusion that it is not practicable for 
the reason that picric aci<4when mixed with the water in the alcohol 
has a corroding effect on metals. 

It appears that cyclic hydrocarbons arc conducive tt> smooth running 
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Kettering ^ states that forty per cent of benzol mixed with ordinary 

« rosene makes an engine operate with entire satisfaction and that if 
e eijgine in which this fuel is used is operating at or near its full load, 
no bad results will be experienced in the way of carbon deposits, etc. 
When added gasoline in considerable proportion, kerosene gives 



Fig. 5. — Graphic representation of increasi* in motor car registration as com- 
pared with increase in crude petroleum production. 


trouble under 4iigh compression by producing an engine knock after 
ignition. This usually occurs at about one-fourth of the downward 
travel of the piston and is supposedly due to detonation following normal 
combination or flame propagation. Benzol, iodin^, ethyl iodide and in 
fact any substance which burns slowly so as to retard combustion will 
reduce the tendency of detonation and minimize the knock. Kettering ^ 
remarks that knocking in an internal-combustion engine has recently 
been shown to be due to the nature of the combustion, which probably 

^ J. Soc. Automotive Engineers, 1919, 199. * ^ 

» Oil & Gas Journal, 18, No. 14, 62, 64 (1919); Chem. Abs. 1919, 2591. 



Fig, 6,^ — ^Indicator cards taken from Delco-light engine 

In each case the vertical dash indicatcathe point innition and the dot tho top dead center. The compres- 
areniade(jna uniform time basis and are not theiefore diiectly comparable ■with the usual pressure volume 

reproductions 

1 Alcohol ~ This card shows no very rapid rise in pressure, with consequent smooth operation. 

2. Benzol — This fuel possesses fre.ssurc-producmK charaetenstic.s .similar to alcohol 

3. Carbon Bisulphide — Note the very early " prc-igmtion" inthoul any conseeiuent “knock ’’ or rapid pressure 

rise, showing eonclusively that “ knock” is not caused by “ pre-ignition,” as has often been supposed 

4. Commercial Gasoline — No evidence of “ knock ” 

5. “High Test” Gasoline — Pressure rise is rafiid, hut there is no indication of “ knock,” further indicating 

that ” knock-producing” quality is independent of either gravity or volatility of fuel. 


^ Kettering, J. Soc. Automotive Engineers, 1919 (5) 198, 199. Cut fur- 




using various fuels. 50-lb. compression pressure.^ 

aion line begins at left end of card and is followed sueeessively by combustion and expansion lines The card 
diugratn The following explanatory paragraph.^ for (he different fuels are arranged in the same order as th' 
of the cards 

6. “ Hecter ” 7^) per cent Cyclohexane and 30 per cent Benzol— Note the flat combustion line without an; 

very sudden rise in pressure This is conducive to a very smoothly operating eni,%ie 

7. Kerosene — Note peak indicating suddenJrise in pressure and causing ‘ktin^.” The latter is not causei 

by “ pre-l%nition ” 

8. 3i per cent Aniline and'96i per cent Kerosene — Addition of aniline has nearly eliminated the pressure i>eal 

and oonse<iuent knock. 

9. 5 per cent Ethyl Iodide and 95 per cent Kerosene — The peak and the consequent" knock ’’ are substan 

Ually eliminated by the use of ethyl iodide 

10. 25 per c^nt Sulphuric Ether and 75 per cent Kerosene — Note that addition of a considerable percetangi 
of a highlv volatile liquid, sulphuric ether, has accentuated the jx'ak and the consequent " knock," show 
ing that volatility of fuel is not a measure of its " knock-producing” characteristic. 

nished through the courtesy of the Society of Automotive Engineers- 
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is influenced by the molecular structure of the fuel. If the compres- 
sion is lowered in an effort to use low-grade oils, carbon will be de- 
? posited. However, certain substances can be added to such oils that 
will remove the knocking propensity. Thus 40 per cent of benzol 
added to kerosene makes a satisfactory fuel. Kettering observes that 
the oil refiners’ problem is to learn what compositions will give best 
results, and at the same time carefully to study the products of com- 
bustion when different fuels are used. 

The preceding indicator cards, show the behavior of various fuel 
mixtures and the suggested method of study ^ (Fig. 6). 

T. Midgley, Jr. uses kerosene and states that “ fuel knock ” of 
internal combustion engines operating with kerosene under 'JO-75 
pounds compression per square inch is avoided by the addition of about 
an equal quantity of benzol to the kerosene used. Small amounts of 
acetone or naphthalene may be added to minimize the deposition of 
carbon in the engine. 

Wingett^ proposes to mix kerosene with toluene and to slightly 
nitrate the mixture by treating with a small amount of a mixture of 
sulphuric and nitric acids, finally distilling the reaction product. 

The U. S. Industrial Alcohol Company ^ proposes a fuel comprising 
gasoline, keroseme or other i^etroleum distillate, an alcohol such as ethyl 
or methyl alcohol and an aromatic nitro compound. Trinitrobcnzol or 
trinitrotoluol are recommended and serve to blend the akiohol and 
petroleum distillate. Other blending agents, e.g. benzol, toluol, phenol, 
cresol and acetone may be used. 

J. Andrews ^ obtains a power oil by heating naphthalene under 
reduced pressure, at 77 82°, with 0.4 per cent kerosene and the distilla- 
tion product from sulphur and aqueous ammonia or a mixture of po- 
tassium nitrate and ammonia. The resulting volatile oil is purified 
with sulphur dioxide under pressure. It distills at 82-149° C. and 
has specific gravity 0.74. 

C. F. Killar® sprays a liquid hydrocarbon oil in an atomized con- 
dition into a vessel filled with a gaseous hydrocarbon, e.g., acetylene. 
To prevent subsequent separation, a small quantity of ether, acetone 
or alcohol is previously added to the liquid hydrocarbon. 

C. White and C. F. Killar ^ make an inflammable substance, for use 

^ Kettering, ibid. pp. 198, 199. 

2 Chem. Abs., 1919, 1636; U. 8. Patent 1,296,832, Mar. 11, 1919. 

’ U. S. Patent 1,185,747, Juno 6, 1916. 

* Chem. Abs. 1920, 22,56; British Patents 140,796 and 140,797, March 25, 1920. 

® Chem. Abs., 191.5, 1.389; French Patent 466,0.50, Dec. 11, 1913. 

« J. 8. C. I., 1917, 9.57; Engli.sh Patent 107,217, May 19, 1916. 

7 J. S. C. I., 1917, 540, British Patent 105,2.56, Apr. 1, 1916 
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as fuel for internal combustion engines by dissolving a^aseous hydro- 
carbon (preferably acetylene) and gasoline in a mineral oil hydrocarbon 
fraction, the latter being preferably a petroleum fraction haVing specific ^ 
gravity 0.775 to 0.780, boiling point about 150°-230° C. (302°-446® F.), 
and flash point 79° F. (26° C.). Liquids such as ether, alcohol or 
acetone may be added to retain the gaseous hydrocarbon in solution. 

Winch 1 produces a liquid fuel for use in internal-combustion engines 
by heating bituminous coal in a retort sufficiently to drive off smoke- 
producing constituents as gases or vapors and then absorbing the latter 
in hydrocarbon oils, for example, petroleum, naphtha or xylene. 

Mueller 2 makes motor fuel consisting of a mixture of anthracene 
oils dissolved in the light oils derived from the fractional distillation of 
coal W with the products of the distillation of crude petroleum up to 
350° C. (662° F.). 

Fayd’herbe ^ makes fuel consisting of ethyl ether, 10-60 per cent, 
a petroleum fraction of relatively high flash point, for example, kerosene, 
5-30 per cenf^ and alcohol of not less than 36° Cartier (specific gravity, 
0.84), 30-80 per cent. 

Whitaker ^ states that alcohol is used in conjunction with kerosene, 
benzol and heavier hydrocarbons to make motor fuel. 

The fact that ordinary gasoline and alcohol are not mutually soluble, 
that is they do not mix has rendered it necessary to employ a third 
substance which will render the alcohol and gawsoline or kerosene 
compatible with each other. A relatively large proportion of benzol 
will answer the purpose. So iio substances, however, will accomplish 
the result when used in a relatively very small proportions. Castor 
oil and camphor have been used for this pur])osc. 

A, A. Backhaus ^ suggests a liquid fuel mixture, adapted for use in 
burners or motors made from gasoline 25, kerosene 25, ethyl alcohol 25 
and linolic acid, linolenic acid and oleic acid 12-13 parts. The acids 
may be obtained from linseed or rape oil. 

In another proposal, castor oil is the substance used to make the 
gasoline and kerosene compatible with alcohol.® The proportions are: 


Gasoline or kerosene 
Ethyl alcohol 
Castor oil 


I equal quantities. 
§ per cent. 


* qiein. Abs., 1919, 2125; U. S. Patent 1,304,433, Mity 50, 1919. 

2 J. S. C. L, 1919, 404 A; U. S. Patent 1,297,388, March 18, 1919. 

=» J. S. C. I., 1919, 245 A; British Patent 123,450, April 22, 1918. 

* Hearings before the Committee on the Judiciary on Enforcement of Prohibi- 
tion, Serial 1, Part 2, June 12 and 14, 1919. 

5 U. S, Patent 1,306,244, June 10, 1909; Chem. Abs., 1919, 2125. 

* Backhaus U. ^ Patent 1,296,902 March 11, 1919. 
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P . Suchy ^ proposes dissolviag in fuel hydrocarbons gallic acid 
(H0)3C6H2C00H or other substances containing the group OH, in 
coinbinatioii with carboxylic acids or esters and distilling with a reflux 
condenser. In an example, illuminating oil, light benzine, ethyl acetate, 
ether and gallic acid arc distilled together. 

B. O. Jenkins 2 mixes a distillate from coal tar or coke oven tar, 
for example, benzol or naphtha (25, 33, or 50 per cent) with a volatile 
alcohol (for example, 74, 66, or 49 per cent of ordinary alcohol) and 
about 1 per cent of camphor, and the mixture is distilled to obtain a 
fuel of high flash point. 

A. A. Backhaus ^ proposes a mixture, for use as a fuel in burners or 
motors, formed of ethyl alcohol 25, kerosene 25, gasoline 25 and chloro- 
form, carbon tetrachloride, tctrachlorethane C2H2CI4 or 1 1 ichlorctliane 
C2H3CI3 9 parts. Either gasoline or kerosene may be used instead of 
a mixture of both in forming the fuel. 

R. Wood ^ mixes about equal parts of alcohol and ether, together 
with small proportions of ammonia, NH3, and oxide of arsenic, As2()3, to 
prevent corrosion of the engine and to render the product non-potable. 

E. Humboldt ^ has made a series of experiments with the object of 
testing the efficiency of various mixtures of kerosene, gasoline, or 
benzol, with alcohol and ether in the automobile and motorcycle engine. 
A mixture consisting of alcohol 1, ether 2, and “engine distillate’' 
(kerosene) 24 parts, or in place of the kerosene 25 to 40 f)arts of gaso- 
line, caused the engine to start more easily than gasoline alone and to 
carry its load without trouble, and not only prevented a deposit of cai bon 
but cleaned off previous carbon deposits. A relatively small amount 
of ether generates a sufficient amount of low boiling point products to 
insure a large explosive mixture and easy running at low temperatures. 
Mixtures containing 1 part of ether, 2 parts of alcohol and 24 parts of 
benzol are claimed to work best for these circumstances. If in this 
mixture, 1 part of alcohol and 2 parts of ether are used, the engine 
starts readily, but as soon as it l)egins to work the rapid evaporation 
cools the carburetor so that' frost is deposited. Humboldt says that 
a jacket on the carburetor does not help unless there is a special pro- 
vision for cutting down the amount of fuel. It is claimed that benzol 
dissolves the shellac coating on the carburetor float and that tlve latter 
should be mad6 of metal or a single piece of cork small enough to allow 
for swelling. 

» Chem. Aba., 1916, 1266; British Patent 22,191, Nov. 7, 1914. 

2 J. S. C. I., 1915, 216; British Patent, 3899, Feb. 14, 1914. 

3 Chem. Abs., 1919, 2590; U. S. Patent 1,313,158, Aug. 12, 1919. 

* Chem. Abs., 1916, 1590; British Patent 24,262, Dec. 18, 1914. 

6 Chem. Abs. 1920, 1427; Power 1919 (50), 418-20. 
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Humboldt believes that the production of benzol Spears certain to 
increase, that alcohol can be made at a profit for 25 cents per gallon, 
and ether for 30 to 35 cents by modern methods. Witfi kerosene at# 
13 cents per gallon, alcohol at 45 cents, and ether at 60 cents, the cost 
of the mixture first mentioned above would, it is said, fall below 18 
cents. 

F. Gruetzner ^ maintains that the Diesel principle, though the- 
oretically and mechanically possible, cannot be used in automobile 
motors on account of the complication caused by the compressor and 
the use of compressed air. 

It is said that the solid-injection system developed in recent years is so simple in 
design and operation that its adoption for high speed use offers no sc'rious difficulties. 

It re(iuin‘s a compression of at least 350 lb. per H(\. in. and injection of the fuel oil 
near the dead cent<T of the compression stroke. The ignition pressure rises to be- 
tween 400 and 500 lb. sq. in. C-areful straining of the fuel oil is essential. A strongly 
designed fuel pump is needed to take care of the high pri'ssures and speeds; also a 
carefully mary^ifactured spray valve. The ignition is caused by the heat of com- 
pression. No spark plugs are necessary and any crude oil can be burned which is 
fluid enough to run through the pities. The system its(‘lf is developed, (iruetzner 
consi(l(Ts the time is ripe to adopt it for the automobile engine and thus secure tfie 
saf(‘ty and economy of the large oil engine. 

The shortage of gasoline in Great Britain during the war led to 
extensive investigations for substitutes, among which were ordinary 
illuminating gas and producer gas.‘^ A report has just been pui)lish(Ki 
by the committee appointed to investigate the subject.’'* The com- 
mittee considers that gas traction is as safe as the ordinary form even 
when unprotected and exposed flexible containers are used. In its 
newer forms it is well worth consideration as an alternative of ehictric, 
gasoline or steam traction. Common (uty gas is estimated to be 
equivalent to gasoline in the proportion of 250 cubic feet of the former 
to one gallon of the latter. Presumably, these being English data, the 
city gas is more largely hydrocarbons than much of the gas supplied 
to American cities, and the gallon may be the imperial gallon of ten 
avoirdupois pounds. It is recommcncled, however, that gas bags 
should be replaced by rigid or semi rigid containers, whenever a com- 
pression plant can be installed, but it is not considered advisable that 
any existing plant for gas traction should be abandoned at this time. 

Q^vid J. Smith, who made many of the exp^ritnents in the matter, 
states that it is possible to run satisfactorily in competition with gasoline 
motor vehicles by producing gas made on the vehicle, using anthracite, 
coke or charcoal. He states that the cost of running a truck with 

^ J. Soc. Automotive Engineers 1919, 207. ® English Mechanic, 1919 (110), 31. 

* J. Frank Insti, 1919 (188), 506. * English Mechanic, 1919 (110), 45. 
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anthracite at 5(/s. ($11) per ton was equivalent to gasoline at 5 Ad. 
(11 cents) per gallon, the commercial rate of the gasoline being taken 
at 26'. Qd. (a( 30 ut 60 cents) per gallon. He claims that a producer can 
be made according to his designs that will occupy no loading room 
on the truck, and free access to the equipment is secured. In case of 
trucks the weight of the equipment for producing the gas does not 
exceed 2 per cent of the weight of the loaded vehicle. The method 
is applicable to boats and tractors, the small size of the plant render- 
ing it suitable for applications to which formerly producer gas appa- 
ratus could not be applied. D. J. Smith ^ sets forth the following 
advantages for producer gas: — Home- produced fuels, some of which 
are even at present waste products, can be used. There is no fire dsk. 
Producer gas requires no labor for its production like coal gas. No 
gas bag is required. A vehicle can travel the same distance as on 
gasoline without taking in fresh fuel. The gas is of uniform quality, 
so that mixture troubles arc eliminated. It is the cheapest source 
of power for motor vehicles known at present, and with coal at 406\ 
per ton is equal to gasoline at 2j-d per gallon when used in the same 
engine. A gas producer is lighter and smaller than a compressed gas 
installation. It requires no pressure, and is therefore free from danger. 
Against the above the following disadvantages must be considered. 
It takes from 15 to 20 minutes to start from cold when using a pro- 
ducer. The extra weight of the plant lias to be taken into account. 
Periodical cleaning is necessary. From 3 to 4 minutes is lequired to 
start after a lengthy stop. There is an increase of 75 jicr cent in weight 
of fuel, including water, to cover any given distance as compared with 
gasoline. The following comparisons are given for a five-ton commercial 
truck. 



Steam 

(Jasoline 

Producer 

gas 

Price of fuel 

.^)0,s. i)er ton 

3.S. })er gal. 

55s. per ton 

Cost in pence per gross ton mile . 

0.31 

0.66 

0.048 

Cost in pence per net ton mile 

0. 75 

1.20 

0.091 


Smithes producer has been designed to do away with a thick fuel 
l}ed and to burn any volatile matter so completely that a bulky water 
scrubber for the gas will not be needed. The fuel bed is only about 
6 inches deep and practically continuous feeding of fuel and discharge 
» J. S. C. I. Vol. 39, 1920, 146 A; Inst. Automobile Eng. Jan. 8, 1920; Engineer- 
ing, 1920, 109, 59-64, 92-95. 
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of ash are maintained by coupled feed and discharge Wives. The fuel 
ignites at once, and the ash is not allowed to rest long enough to fuse 
into clinker. The only impurity in the gas is a little of ifhe fine dust ^ 
of the fuel carried over by the draught, and the gas is purified by pass- 
ing it through a dry tubular scrubber heater where the water for the 
producer is pre-heated. The scrubber is easily cleaned out and the 
producer itself is jacketed, air being passed through the jacket to the 
water saturator and then to the producer. The whole apparatus weighs 
200 to 300 pounds, and is compact enough to be carried on the dash- 
board of the car. The fuel (anthracite, coke, charcoal, or prepared 
peat) is carried in a bunker under the hood over the driver’s scat, and 
is fed by gravity; the water is carried under the seat. Both vehicle 
and ’ engine ought to be specially designed for use with producer gas, 
but very fair results have been obtained with a gasoline engine; the 
cost per gross ton mile in the same vehicle and engine was found to be 
1.45d with gasoline against 0.0856.S with producer gas. The pro- 
ducer gas is»bcttcr adapted to the larger and heavier commercial class 
of vehicles, and if generally adopted would increase the amount of 
gasoline, benzol, etc., available for the lighter pleasure cars. Ex- 
periments have shown that no danger is to be apprehended from ex- 
cessive escai)e of carbon monoxide, even when the vehicle is standing. 
Anthracite in the form of beans ” which pass a f- or |-in. screen is 
the most satisfactory fuel, but coke may be used, although it (;ontains 
a good deal more ash and sulphur and does not feed so easily. Charcoal 
is a good fuel but is bulky. Peat briquettes which have had the ob- 
jectionable volatile matter driven off by heat are very satisfactoiy. 
The best results are obtained with a fuel bed of 6 inches for anthracite, 

7 for coke, 4 for charcoal, and 2 or 3 inches for prepared peat. 

W. R. Ormandy ^ states that illuminating gas has been used quite 
successfully as motor fuel, 250 cubic feet being equivalent to about a 
gallon of gasoline. Extension of this practice is dependent upon the 
discovery of suitable methods for carrying this fuel on the vehicle. 

Under post-war conditions, England should produce 50,000,000 gallons of 
volatile coal-tar distillates, onc-half to two-thirds coining from the 9000 coke ovens 
now in operation. Shales and cannel coal offer a possible source of motor fuel 
from English resources, which should be considered carefully. Alcohol is the only 
other flburce likely to be develo])ed. Five per cent of the American grain crop 
it is stated would yield sufficient motor fuel to replace the gasoline now demanded 
in America. In certain English colonies in South Africa, com can be grown suc- 
cessfully, in practically unlimited quantities at a price not exceeding £l per ton. 
This is a cost of 3.25(i. per gallon of alcohol for the raw material only. One part 
of benzol and two parts of alcohol yield a fuel for existing motors with practically no 

1 Chem. Abs., 1919, 1917; J. Inst. Petroleum Technologists 1918 (5), 33-69. 
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alterations in theirf/onstrnction . On the basis of the benzol available, the English 
demand could be practically met by this mixture The production of ether (C2H6)20, 
from alcohol replace the benzene is a possibility. 

The use of acetylene as a component of motor fuel is receiving con- 
siderable thought at the present time. One of the objects in view is the 
utilization of the detonating ability of acetylene in contributing rapid 
flame propagation to the combustion of the less volatile fuels. The 
difficulty seems to be the production of a sufficiently stable solutioa of 
acetylene, in alcohol for example, or alcohol-containing fuels. 

U. Alvisi ^ seeks to avoid the inconvenience of a rapid consumption 
in the combustion of acetylene by acting on it with carbon dioxide in 
the moment immediately preceding ignition in the air. The action is 
said to take place in two stages, ethylene being the intermediate product, 
while methane and carbon monoxide are the end products. By varying 
the quantity of carbon dioxide it is possible, it is said, to obtain flames 
that are more or less hot, and therefore, more or less luminous. Ex- 
periments, it is claimed, demonstrated the practical appli;jation of the 
process and the economy resulting from tlui great duration of the 
flame.2 

H. Grossmann ^ comments on the utilization of acetylene in Switzer- 
land. The chief difficulties of using acetylene fuel in internal com- 
bustion engines are said to be that the compressed acetylene aii* mix- 
tures are themselves violently explosive, and that the soot and possible 
acids produced by the combustion may corrode the motor. The first 
two difficulties can be overcome by diluting the acetylene with suitable 
gases or vapors; the soot deposition can be avoided by providing an 
ample supply of air. Air might be regarded as the simplest diluent to 
mitigate the violence of the explosion; it was found, however, that the 
combustion of air-acetylene mixtures was always too sudden. The 
acetylene can be generated on board, or it can be taken from steel 
cylinders containing compressed acetylene dissolved in acetone or in 
acetone substitutes. Such dissolved acetylene is relatively safer than 
gaseous acetylene. From the cylinder a 2-mm. steel or brass tube is 
taken to the reducing valve which is connected to the carburetor; no 

^ Chem, Abs., 191(3, 1704; Ra.s3. inin. met. chim. 1910 (44), 1-3; Ann. chim. 
applicata, 5, 118-9. 

2 Burrell and*Obe^eJl (U. S. Bureau of Mines Technical Paper 112 ^915). 
The Explosibility of Acc*tylone) report that the smallest proportion of acetylene 
capable of propagating flame in a mixture of acetyltme and air is 2.53 per cent at 
atmospheric pressure, and that the low limit is not much affected by increased com- 
pression. The upper limit of explosibility is given as about 73 per cent. 

® Chem. Abs., 1919, 1139; Schweiz. Bauzeitung, Oct. 5, 1913; Engineering 
(1918) (106), 469. 
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additional apparatus are required, and the car is always ready for 
starting and can go on until the cylinder is practically emptied. The 
disadvantages are that the cylinders are heavy and expensfve and not 
generally obtainable. Journeys of thousands of kilometers were made 
with dissolved acetylene, the large cylinders giving a range of 120 km. 
As regards the generation of acetylene from calcium carbide on the 
car, although there are hundreds of generators none of those tested 
proved quite suitable as the acetylene has to be purified; the cylinder 
gas is said to be always pure. The army authorities stipulated that 
the use of acetylene should not involve any change in the mechanism 
and that the machinery should at once be ready for either fuel, acetylene 
or gasoline. Since the acetylene has to be diluted, one complication 
is unavoidable, whether acetylene gas or dissolved acetylene is to be 
used; for this purpose an additional tank is provided, and further a 
set of nozzles by means of which the diluent can be proportioned. A 
number of diluents appeared serviceable (alcohol, benzine, gasoline, 
light tar oils,* naphthalene, water, etc.) and at least 20 or 25 per cent 
of these were required to make the combustion less explosive. In a 
Martini car of 12 to 16 hp. the change-over to the acetylene mixture 
was effected by substituting a nozzle of 0.50 mm. for the 0.85 mm. 
nozzle. The per cent varies with the nature of the diluent; but an 
expeiienced driver can soon adjust his motor to the new conditions. 
Most of the diluents could be used as such; naphthalene and water 
required i)reheating of the carburetor. Acetylene with 20 per cent 
of a mixture of equal parts of alcohol and light tar oil burned very 
well. Corrosion of the motor was not noted after two runs each of 
1000 km. (motor fed with dissolved acetylene) . The engine of a motor 
boat kept running for six to eight hours per day for one month on 
acetylene fuel was found in good condition, although the acetylene was 
generated in a common Tozzi apparatus and not especially purified. 
The engine did not run hot, except in one case when half of the radiator 
was covered by an iron plate. The consumption of lubricant remained 
normal. As regards fuel consumption, the tests indicate 1 kg. of 
acetylene is equivalent to about 2.5 kg. of benzine. 

J. de Cosmo and H. Quinaux ^ manufacture a mixture of naphthalene 
and mi'^eral oils which is stated to remain homogeneous and to possess 
the same viscosity as the mineral oil. • • • 

The Marchioness de Ahumada ® adds to pure or denatured alcohol a mixture of 
gasoline, benzene or the like with ethyl ether or other ether and a small quantity of 
a solution of phosphorus in carbon bi.sulphide. A few drops of essence of pepper- 

1 Chem. Abs., 1917, 1297; German Patent 292,223, March 18, 1914. 

» Chem. Abs., 1916, 2401; British Patent 27,733. Dec. 2, 1913. 
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mint are added trfihc alcohol before mixing. The purpose of the phosphorus may 
be to prevent oxidation of the gasoline. 

W. H. Stevens ^ makes a gafoline substitute as follows: 


Crude petroleum 1 gallon 

Gasoline 3 pints 

Ether 2 oz. 

Pulverized alum 2 drams. 

Oil of citronclla 2 drams. 


T. E. Rice * mixes kerosene 1 gallon, with methyl ether 4 ounces, and carbon 
bisulpliide 8 ounces. 

G. B. Selden ^ states that paraffin hydrocarbon liquids, though “ inert ” to 
other supporters of combustion such as oxygen, ozone or nitric oxide will absorb 
enough hydrogen peroxide to enable kerosene to burn cleanly in an engine, the 
theory being that 20 per cent oxygen in air is sufficient to burn the carbon irf gaso- 
line but not enough for the carbon in kerosene. About 0.5 per cent hydrogen 
peroxide i.s run in the air inlet of the engine; or the oil is mixed with it, allowed to 
stand and decanted. Benzoic and acetic peroxides are said to give similar results. 
The addition of peroxides and of naphthalene picratc to fuel oils is said to result in 
“ an incretise in power.’’ f 


‘ Chem. Abs. 1916, 692: U. S. Patent 1,165,462, Dec. 28, 1919. 

2 J. 8. C. I., 1917, 921; U. S. Patent 1,230,924, June 26, 1917. 

* Chem. Abs., 1914, 2244; Nat. Petroleum News. 5, No. 7, 39-42; Petroleum 
Rev., 29, 463-4. 



CHAPTER II 

THE TESTING OF MOTOR FUELS ^ 

Mechanical Tests 

The testing of motor fuels is a broad subject and may be viewed 
from several angles by as many different types of persons interested. 
The producer of gasoline and other motor fuels, the manufacturer of 
automobile engines and accessories, the chemist, the engineer and last 
but not least, the man who uses the fuel, — all of these consider the 
subject from their specific point of view. 

The subject can be divided into at least two large divisions, first, 
those chemical and physical tests which show what classes of substances 
the fuel is composed of, and what substances or groups of substances 
compose those classes. For example, chemical tests endeavor to 
answer such questions as the following: 

Is the fuel strictly a petroleum product? How volatile is it? How 
much of it will boil off between certain definite temperature intervals? 
Is it composed of light hydrocarbons found naturally in petroleum? 
Does it contain light hydrocarbons which have been made by decom- 
posing or “ cracking ” heavy oils? 

If the fuel is not derived wholly from petroleum, what is its deriva- 
tion? Does it contain aromatic or coal tar oils, for example benzol; 
or does it contain substances which are not hydrocarbons? Does it 
contain for example, alcohol, or ether? 

Motor fuels may be of such varied composition, and still be efficient, 
however, that chemical tests alone are not usually sufficient in order to 
determine their suitability. On the other hand, with a “ simple ” 
fuel, for example, a strictly petroleum product, a chemical examination 
ordinarily will tell, with certainty, whether the fuel is suitable for use 
in prese^jt types of motors. 

The actual behavior of a fuel under operating oond?tions is, how- 
ever, tfie ultimate test of its desirability and its relation to other fuels 

‘ That portion of this chapter which relates to mechanical tests has been pre- 
pared in collaboration with Joseph Tracy, Automotive Engineer, 1790 Broadway, 
New York City, who maintains large mechanical testing laboratories at Ruther- 
ford. N. J. 
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in this respect Properties such as ease of starting in cold weather, 
quick response to the throttle, or flexibility, smooth running at various 
speeds, power developed in relation to fuel consumed at various speeds 
and with different loads, tendency to deposit carbon, — these and other 
related considerations are best studied by an actual engine test. To 
be sure, these considerations are functions not of the fuel factor alone — 
engine construction being of the greatest importance — but even on 
the basis of fuel alone, engine tests are, at the least, equally as impor- 
tant as chemical and physico-chemical tests. 

Engine tests to determine fuel characteristics and efficiency usually 
involve, as one of the principal determinations to be made, the power 
developed under various operating conditions, per unit volume or 
weight of fuel consumed, per unit time (e.g., per hour). 

So far as the fuel side of the question is involved, engine tests are 
most significant when carried out on a comparative basis, that is when 
the fuel in question is tested in the same engine and under the same 
conditions in that engine, as a fuel possessing known characteristics. 
This follows, of course, from the fact that a fuel which gives exc(‘llent 
results in a particular engine may fall far below par when used in a 
different type of engine, or may, correspondingly, give better results. 

Pounds of Fuel Consumed Per Brake Horsepower Per Hour. — 
To determine this quantity, use is made of a dynamometer, which is 
a machine for loading an engine and at the same time measuring the 
torque or turning effort produced by the engine under this load. By 
measuring the speed of revolution of the crank shaft at the same time, 
the energy developed by the combustion of fiu'l, communicated to the 
piston and finally appearing as useful work on the crank shaft, capable 
of transmission to the rear axle, is obtained. 

It is a quantity which is intimately connected with the thermal 
value of the fuel and also with the echanical and thermal efficiencies 
of the engine. 

There are at least five different types of dynamometer, viz., the 
Prony brake, the hydraulic dynamometer, the fan dynamometer, the 
electrical dynamometer, and the “ cradle ” or tor(|ue reaction dyna- 
mometer. Description is limited to the electrical dynamometer.^ 

In testing large stationary engines the Prony brake was^formerly 
used to a great extent but has been lately suj'jerscded by the hydraulic 
dynamometer. Regardless of the type of dynamometer however, the 

^ For a more detailed discussion of Dynamometers see 

Flather, “ Dynamometers and the Measurement of Power,” 

Smith- Jervis, “ Dynamometers,” 

Riedler A., “ The Scientific Determination of the Merits of Automobiles.” 
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principle of testing remains the same, i.e., the measurement of power 
developed. 

The electric dynamometer consists essentially of a special electric 
generator, in which the field frame is so mounted as to be capable of 
rocking or oscillating freely in anti-friction l^earings. The supports 
for these bearings are secured to a bedplate, and on an extension of 
this bedplate, or on another adjacent thereto, the engine to be tested is 
niouated on an adjustable stand, so that its crank shaft is in line with 
the shaft of the armature of the electric dynamometer. This armature 
is coupled to the engine shaft, and revolves inside the field frame of the 



7. — Spnigue Electric Dynamometer. 


dynamometer. The electrical inter-action between the internal re- 
volving armature and the external field tends to turn the latter with a 
force exactly proportional to the torque transmitted to the armatuie 
* by the engine. 

By balancing the turning effort exerted on the external field, by 
means of a set of scales or weights, the turning effort of the armature 
can be measured exactly on such scales. The radial distance from the 
center of the armature shaft to the point of application of the scales 
which brilance tlie rotative effort of the field is of cm^irse^ constant for 
any given type of machine. The horsepower developed by the engine 
then becomes 

H.P. = 27 r X (feet) x ^ X F (pounds) 

When R = radius, or length of torque-arm 

= speed of shaft in revolutions per minute 
= weight shown on scales 
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The radial distance from the center of the armature shaft to the point 
of apphcation on the scales is calle I the torque-arm, and is selected of 
such a length as to reduce the formula to the simplest terms. 

The current generated in the armature is carried out of the dyna- 
mometer through flexible cables, so suspended as to present no retard- 
ing action on the motion of the field, and this current is absorbed in 
an adjustable resistor; and in certain cases it can be carried back into 
an electric circuit as useful power. 

The load on the engine is regulated by varying the strength of the 
current, this depending upon the field strength of the generator and the 
electrical resistance of the resistor in which the energy is dissipated in 
the form of heat. By a combination of both methods of operation, 
very close regulation of the load and speed can be obtained. ' (See 
Fig. 7.) 

The transmission of electrical energy from the dynamometer to the 
resistor does not enter into the calculation, and no corrections have to be 
made for the efficiency of the machine or its mechanical or friction losses. 

In measuring the fuel consumption during a test, the fuel is con- 
tained in a covered vessel supported on a platform balance. To facili- 
tate calculations, the beam of the balance should be divided into pounds 
and hundredths of a pound. The carburetor is connected with the fuel 
container by means of flexible tubing. 

In making a run, using the type of dynamometer described there are 
three main observations to make: 

(а) Weight of fuel consumed during test. 

(б) Speed of shaft in r.p.rn. 

(c) Weight necessary to balance the torque exerted by the dyna- 
mometer shaft. 

In comparing two or more fuels it may be desirable to adjust the 
flow of cooling water to and from the engine jacket so that the rate at 
which heat is conducted away in this manner may be observed. Ther- 
mometers are inserted for obtaining the temperature of the water supply 
and discharge. By weighing the cooling water and taking an average 
temperature difference between that of the supply and discharge, the 
actual amount of heat lost in this way can be accurately measured. 

By making a ran, for six minutes at a given speed and constant load, 
and multiplying the weight of fuel used by ten, the fuel consumption per 
brake horsepower per hour is easily calculated. With a given fuel in 
any particular engine, there are certain mechanical conditions of opera- 
tion which determine the fuel economy independently of the inherent 
nature and composition of the fuel itself. These ar^: 
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(а) Brake load. 

(б) Speed of crank shaft. 

(c) Throttle opening. 

c,. , torque x speed 

Since horsepower = ^ 

constant 

for any engine the torque may be constant for a given range of speed. 
It sliould be stated that in determining fuel economy, tests are made 
at various speeds and at different loads. 

In Figure 7a ^ it will be noted that the fuel economy is the same 
at 1200 as at 1400 r.p.m., and also that whereas the torque drops off 
about 5 pounds in this interval, the horsepower increases about 1.7 
units.* That is, for a given adjustment of the throttle, increase of 
speed beyond a certain point decreases the torque because the suction 
stroke is so much faster at the higher speed that not so much air and 
fuel are drawn into the cylinder and the subsequent explosion has, 
therefore, less* energy. However, since horsepower depends on two 
factors, torque and speed, although there may be a speed beyond which 
the torque diminishes, nevertheless, maximum horsepower may be de- 
veloped at speeds higher than correspond to a maximum torque. That 
is, an engine may develop its maximum horsepower at speeds where 
the torque is below its maximum. (See Figure 7a.) 

In connection with the effect of increasing speed on decreasing torque, 
the viscosity or fluidity of a motor fuel is important since this influences 
the case with which the fuel is ejected from the carburetor nozzle. 

The fact that fuels, especially volatile fuels, have a self-cooling 
effect in vaporizing is very important. Under some operating con- 
ditions this cooling may often lead to a deposit of frost on the manifold 
tube. Obviously this retards vaporization and may even result in a 
precipitation of the heavier portions of, for example, commercial gasoline. 

As a rule, in making fuel tests, fuel consumption is determined under 
the following conditions and for the purposes named : 

(а) Wide open throttle with full load at various speeds within the 

range of the motor. 

(б) Partly open throttle (or with partial load) at various speeds. 

(c) Iii the case of a stationary engine, full and partial loads at 

^ constant speed. • * 

(d) Throttling Test. To determine ability of engine to run slowly 

with throttle almost closed and with no load. This is also 
known as idling test.'^ 

* Compiled by Joseph Tracy, Automotive Engineer, 1790 Broadway, New 
York City. ^ 
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(e) Acceleration Test. To determine the ability of the motor to 
accelerate with comparatively small load, from idling ” at 
low speed to the maximum speed. 
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Fig. 7a. — Cfj’ve /‘orrelating speed with fuel economy, torque and horse power. 
Compiled by Joseph Tracy 1790 Broadway, New York. 

The following observations are also important: 

(a) Observation of amount of smoke in the exhaust during the 

various tests referred to. 

(b) Extent or amount of carbon deposit on the pistons and interior 


Pounds Fuel. PoundsTorque 
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surfaces of the combustion chambers, under various condi- 
tions of speed, load and throttle opening. 

(c) Effect of the fuel on the surfaces of the cylinder walls, valve 

faces, and valve scats. 

(d) Effect of the fuel in diluting the lubricating oil in the crankcase, 

in the event of leakage taking place past the pistons. 

Strictly comparable fuel efficiency tests ‘ on the basis of the con- 
ditions just specified will usually place one in a position to state the 
relative merits of the fuels tested. It is the fuel which shows the best 
efficiency under as many different operating conditions as possible that 
should be selected as the fuel with the most desirable characteristics. 

A t airly considerable amount of material has been written concern- 
ing the use of the manograph for studying the explosions which occur in 
internal-combustion engines. The manograph is intended to serve, in 
the case of internal-combustion engines, a purpose similar to that which 
is exercised by the ordinary indicator with regard to steam engines. 
Regardless of the type of manograph used the primary object is to 
secure as faithful as [)ossible a picture of the pressure-volume changes 
which take place during the period of one complete cycle. To this end 
inventors and designers of manographs have endeavored to reduce to 
the lowest possible minimum friction between the mechanism which 
transmits and records the reciprocating motion of the inston as well as 
the pressure variations. It has been necessary, as well to design the 
motion and pressure recording parts so that they have as little inertia or 
lag as possible. The spring which is used in the steam engine indicator for 
assisting in recording pressure variation is entirely out of the question 
for exercising a similar function in an internal combustion engine. The 
sudden development of pressure in the explosion engine necessitates a 
device which will instantly respond to such rapid rises in pressure. 
Some form of delicate diaphragm is usually employed for this purpose. 

The motion of the diaphragm as well as the reciprocating motion 
of the [)iston may be communicated to a mirror which is capable of 
moving in two planes. The mirror may be illuminated and a spot of 
light is thereby reflected from the mirror to a ground glass plate similar 
to the plate used in cameras. Each motion of the mirror if recorded 
independently of the other would produce a straight line dh the ground 
glass plate in the form of a moving spot of light, the line corresponding to 
pressure changes being at right angles to the line recording the recip- 
rocating action of the piston. In practice, the motion of the mirror 

^ For an nxhaugtivo scries of tests of stationary gasoline and alcohol engines 
see Strong (Bureau oi^Mines Bulletin 43 (1912) 132). 
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causes the spot of light reflected on the ground glass plate to trace 
a diagram, which in the case of a complete cycle is a closed pressure- 
volume diJigram. 

The form which the diagram takes is very instructive in recording 
the nature of the explosions. The purpose of tlu; manograph represents 
an attempt actually to sec or visualize what goes on inside the cylinder. 
In connection with a study of tlie adaptation of any given fuel to a 
particular tvi)(‘ of motor it can readily be seen that the manograj)h is a 
valuable instrument in the hands of one who knows how to use it and 
to interpret its results. The use of the manograph, however, may be 
consid('red to be an art reciuiring considerable cxTeriencc on the part of 
the operator. 

Chemical and Physico-Chemical Tests 

E. W. Dean ^ summarizes the d(‘sirable properties of gasoline as 
follows: 

1. The gasoline should not contain too lai’ge a percentage of highly 

volatile products, which tend to cause large evaporalion lossc's 
and excessive danger in handling and storage, but should have' 
enough volatih^ constituents to permit starting an engine under 
reasonably unfavorable conditions, without prelu'ating. 

2. The gasoline should not. contain any consideral.)l(' percemtages 

of heavy or nonvolatile constitiumts, which after atomization 
into the engine cylinders can not bc^ complet(‘ly vaporized and 
burned. 

3. The gasoline should not contain material tliat aft(M‘ combustion 

leaves a residin' that collects in the motor. 

4. The gasoline should be free from substances that attack metal, 

either before or after combustion. Unremoved acid (used in 
refining) falls under this head. 

5. Neither the gasoline nor its products of comliustion should 

have a strong or markedly disagreea])le odor, as this is ol)- 
jectionable to users of automobih's. 

6. Th(* gasoline should be free from noncombustilile material such 

as water and sediment. 

Discussiilfe tbe, testing and standardization of motor fuel E. L. 
Lomax ^ states that the hydrocarbons likely to be found in motor 
spirits are paraffins, iso-paraffins, naphthenes or cyclo-paraffins and 
aromatic hydrocarbons. These show definitely that spi'cific gravity 

^ Bureau of Mines Technical Paper 211 (lOm) p. 7. 

2 Pet. Rev. 1917 (37), 251-252, 209, Petroleum World 14, 477-482. 
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is no index of volatility. All specific gravities should be referred to 
C. (59. 09"^ F.). The Engler method of distillation clearly indi(‘ates 
the addition of low boiling products, but the liability to pei?;onal error 
1s greater than in the Redwood method. The Redwood method should 
be run at the rate of 2.5 c.c. per minute and even a naked flame may be 
used ])ut a gauze under the flask givers it protection. The final boiling 
point on gasoline should be raised to 170° -180° C. (338°-35()° F.) 25-30 
p.'r ciiit over at 109° (L (212° F.). This would increase the piTcentage 
materially. Sulphur may be detected by the standard method of 
boiling with metallic sodium and testing with sodium nitroprusside. 
An approximate determination may be made by boiling with clean 
copper foil and comparing with results obtaimal on gasoline of known 
sulphur coiitent. A more accurate determination calls for burning a 
mixture of gasoline and alcohol and al)Sorbing the gases of combustion 
in N/IG sodium (carbonate. The specially devised lamp is burned dry 
and then two siiuill charges of alcohol arc burned lo chain gasoline out 
of the wick. After absorption the sodium carbonate solution is titrated 
with N/32 sulphuric acid. 

The iiKjthods at i)rescnt in vogue for the analysis of motor spirits 
are not fully satisfactory according to H. Moore ^ for the testing of 
mixed finds such as will [)robably be extensively used in the future. The 
conditions (wisting in the (*ngine and in the carburetor through which 
the fuels have to pass are the main factors in deciding the tests to which 
a motor S[)irit should be subjected. Specific gravity is stated to have 
little vahui as an indication of the (juality of a motor spirit. The 
vistmitij of all common fuels is very small, but this value may become 
impoi'tant with future fuels. Heavy oils for Diesel engines may require 
suitable preheating to maintain the viscosity within reasonable limits. 
The cold ted is important for fuel mixtures containing solid hydrocarbons 
in solution. For aero-engine finds it is essential that the temperaturii 
jit which solids siq^arate shall bii veiy low. The coke ted consists in 
volatilizing tlu' find in a platinum cioicible and coking any residue 
maining. Some of the heavier coal-tar distillates present in mixed fuels 
sold as substitutes ” yi(dd af)pre(!iablc (juantities of coke. The /mc- 
tioiidl didillalion test gives consideralde information as to the ingredients 
present in a fuel mixture. Latent heat of vaporization is an indication 
of the cooling effect produced in the carburetor, and Hit; desirability 
or otherwise of hot air intake. Iodine and bromine values give informa- 
tion as to the method of preparation of petroleum spirits, but are not a 
direct indication of the behavior of a fuel in the engine. The uUinin'e 
analysis indicates the nature of the products present in the fuel, and 
^ J. 8. C. 1.; lOlS, ()S1 A; Automt)bile Eng., Sept. 1918, 245-248. 
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allows of the calorific value and the weight of air required for com- 
bustion being calculated. The temperature of spontaneous ignition 
of a fuel ^‘determines the limits of compression pressure which may be 
employed. The most careful consideration is necessary in preparing 
mixed fuels to insure that the mixtures will stand normal compression 
pressures without pre-igniting. Vapor pressure determinations give 
direct information as to the probable behavior of fuels as regards easy 
starting and ‘‘ flexibility.^’ Benzol and good quality gasolines ‘have 
high vapor pressures, and the former also possesses the property of 
raising the ignition point of mixtures. It is therefore advantageous 
to mix benzol with heavy petroleum fuels (which, consisting mainly of 
aliphatic hydrocarbons, have low ignition points), and to employ light 
gasoline for “ livening ” heavy fuels of coal-tar origin, such as solvent 
naphtha, which consists mainly of aromatic hydrocarbons (largely xylol) 
and has a comparatively high ignition point. The explosive rajige must 
be considered in adjusting carburetting devices, so that the throttle 
scale may fall within that range, and the lower limit requires considera- 
tion in connection with vapor pressure for fuels, such as alcohol, which 
are only explosive in mixtures containing comparatively high percent- 
ages. Velocity of flame propagation is not easy to determine; it effects 
the correct angle of spark advance at any given speed. Fuels which 
possess slow speeds of flame propagation, and therefore require greater 
angles of spark advance can withstand slightly higher compression 
pressures than fuels of equal ignition point but possessing higher ve- 
locities of flame propagation. Calorific values (per weight) of motor 
spirits of any particular class do not vary greatly. 

J. S. S. Brame ^ states that the rate of flame propagation in gasoline- 
air mixtures is an important consideration, determining as it docs 
whether combustion has ceased before the end of the w'orking stroke 
of the piston and how soon after ignition the maximum pressure is 
reached, which determines incidentally the point in the cycle where 
ignition should take place. Obviously, with an engine running at, say, 
2000 r.p.m., a slow-burning mixture may even be alight when the 
inlet valve opens, with consequent firing back into the carburetor. 

Moore ^ also states that spontaneous ignition temperatures ^ can 
be used as a means of deciding the maximum and minimum engine 
compressions^ su'^tafble on gasoline and Diesel engines respectively 
when burning any given liquid fuel. By plotting the calculated values 

1 H. Moore, .1. S. C. I., 1917, 109-112. 

® Fuel, London; P]. Arnold, 1919, pp. 153-1.54. 

* Engineer, 1917, 561; J. S. C. L, 1917, 861. 

« See also J. S. C. L, 1917, 109. 
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of temperature and compression pressure, a curve is obtained which 
shows the theoretical maximum compression practicable in a gasoline 
engine, and which is also the minimum limit for the compression prac- 
ticable in a Diesel engine, assuming that the temperatures represent the 
ignition point of the fuels. As several conditions cause interference 
with the working of this rule, the practical limits do not coincide with 
the curve. To obviate this difference practical curves applicable to 
cngifK'S operating on the constant volume and constant pressure cycles 
respectively, have been constructed from the results of engine trials 
on fuels of known ignition temperature. By the use of these curves 
the compression pressure of internal combustion engines can be directly 
asc(‘rjained by determining the ignition point of a fuel. Motor spii’its 
of petroleum or shale origin do not vary in ignition f)oint to any large 
extent. Benzol, alcohol, kerosene, and naphthalene possess widely 
varying ignition points which make adjustment of the engine com- 
pression advisable. Fuel oils derived from coal tar possc^ss high ignition 
points, and mixtures are being marketed containing petroleum oils 
together with coal tar distillates. 8uch oils, if suitable as regards 
general chemical analysis, require examination as to ignition point; if 
the ignition tenifx^rature be high it will b(^ necessary to make adjustment 
on Diesel engines, as otherwise in cold weather difficulty in starting will 
be experienced. By determining ignition points of mixtures of kerosene 
with tar oil and of Mexican fuel oil with tar oil, curves of ignition point 
against compression have been constructed. Mixtures containing half 
tar oil and half petroleum products have ignition points which are lower 
than the mean of the values for the two constituents. The admixture 
of a small quantity of either oil to the other causes the mixture to possess 
an ignition point differing from that of the main constituent. 

To secure data for use in his experiments on the Diesel engine 
Moore ^ made a series of measurements of ignition temperatures of 
various oils. The apparatus consisted of a block of steel 4 inches in 
diameter and 3.25 inches deep so machined as exactly to receive a plati- 
num crucible with a screw cover which served as the combustion chamber. 
Temperatures were measured by means of a thermocouple pyrometer 
fitted into the block as close as possible to the base of the crucible. A 
current ©f air or oxygen preheated to the temperature of the experiment 
was coijducted into the crucible and when the temj^rftture was constant 
a drop of the oil to be tested was introduced. By repeated experiments 
the minimum temperature at which ignition took place was rapidly 
determined. Following are results of a few^ measurements: 

1 J. S. C. I., 1917, 109; Chem. Abs., 1917, 1745. 
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Fuol 

, Uriuie petroleum (Texas) . 
Crude iJetroleuin (Borneo) . 
Crude petroleum (Mexico). 
Ethyl alcohol , 

Turpentine 

Coke tar (Kojipers) . 

Blast furnace tar 
Benzene (100 ',o) 


Temp, of 

ignition in Oxygen 
.250° C. (493° V.) 
209° C. (r)l()° IC) 
.274° C. (525° F.) 
395° C. (743° F.) 
.275°(k (527° F.) 
195° C. (923° F.) 
49S° C. (92S° F.) 
500° C. (1051° F.) 


Temp, of 
ignition in air 
387° C. (729° F.) 
380° C. (710° F.) - 
421° C. (795° F.) 
518° C:. (905° F.) 
275° C. (527° F.) 


It is concliidod (1) that witli incnvisiiig molecular (jomplexity the igni- 
tion temperature rises; (2) that the ignition temperatures of aromatic 
compounds are much higher than thosii of aliiihatic; and (3) that un- 
saturated substance's ignite at lower temperatures than the saturated. 

Newton and Williams ‘ give the following items concerning physical 
tests of gasoline. DidlUalion is said to be the most important as 
it indicati's clearly the quality of the gasoline. The initiid boiling point 
is the temperature at which the first drop of condensate falls from the 
condenser. T\\o final boiling point is the higlu'st temperatuix' i’('ached 
in distilling a .sample to dryness. TagliabiUi’s ai)paralus is used for 
gasoline distillation and five per (aait temperature rc'adings are made. 
The “ doctor test ” (i.e., test for sulphur compounds) is clainu'd l)y these 
writers to b(! lu^xt in importaiK^e to distillation. Tlu' gasoline is thor- 
oughly shaken with a solution of sodium plumbitc' and a small quantity 
of dowers of sulphur is added. If neitln'r the gasoline or sul})hur is 
discolored the “ doctor test ” is satisfactory. The color is now geiK'rally 
taken with sonui type of colorimeter and not in a 4-oz. botthx Density, 
odor, per cent water, and foreign matter, chill test and calorific value arci 
also taken up, but are minor considerations. \V ith casing-head gasoline 
the determination of vapor pressure is of importance because of shipping 
restrictions. 2 

^ Chem. Ah.s. 1919, 659; Fctrolouin .Vgc 9, Xo. 2, 11-4 (1919). 

2 A. Philip urges (Inst. Petrol. Toclmol. Oct. 21, 1919; .J. S. C. I. 1919, 939 A) 
the nece.ssity for the adoption of standard methods for the testing and anal>sis of 
mineral oils. (1) Distillation tests on crude oil. -.V specially designed topping 
still is de.scribed, which is heated on an air hath m which is situated a coil through 
which air is piussed hy means of an electric blower. The air stream is controlled 
by a gas current mebflr, And thus any predetermined volume of air may be circulated 
in a closed system. Lo.sses are in this way greatly reduced and any water in the 
oil is quietly removed without risk of foaming or bum])ing. The gas current meter 
is a U-tube filled with lead shot. The resistance thus afforded controls the passage 
of air and once the appliance is calibratcal a definite current can always be repro- 
duced. The distillation, after “ topping for waPT, gasoline and kerosene, is con- 
tinued in a steam still, which is provided with two internal bafflys to prevent priming 
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The evaporation velocity of motor fuels has been determined by 
K. Dieterichd Eight, medium and heavy naphthas, benzol and ak^ohol 
have been investigated. A short, steep, straight curve inTlicates the 
best quality of fuel, while a long, irregular curve is characteristic of a 
fuel containing a high proportion of less volatile components. 

McAffee I’c^porting on the quality of gasoline made by the aluminum 
chloride nu'thod, mentions the following methods of testing: 

Golor, odor, bromine number, “ Doctor (acid) heat ted, (jraritij 

and distillation test. 

Concerning the (acid) heat test and bromine value Dean and Hill ^ 
comment as follows: 

« 

Determination of Unsaturated Hydrocarbons 

The (Acid) Heat Test. A nu'thod largely us('d in th(' laboratories 
of n'fineries for determining the degjx'e of unsaturation is the “ acid 
heat test,” which is pnictically idcmtical with the Maumene t(*st, 

and an annular clianm*! to i)r(‘vent coiuhaiscMl li(|uid (Iniipin^ from tlie roof into the 
heated od. 

(2) \'a|)or tension of motor spirit - An apiinratus is deserihed for th(‘ determi- 

nation of tlu* temiierat nn* at which the vapor tension of a spirit is eijual to atinos- 
plu'ric pressun*. ddiis figure i.s stated to be tli(‘ near(‘st approai'li to the “ boiling 
point, ” of the gasoline 

(Ip (^alorific value of motor spirit - d’lie bomb calorimeter is used. About 
0 o gram is weighi'd out in a sto])p(‘red tulie, wliich, togidtier with 0.25 gram of 
n iphthalcne, is placed in the platinum crucible. On firing, the heat liberated by thi' 
combustion of the naiihthalene vaporizes the gasoline and expels the stoppi^r of the 
tube. Ignition of the s])itit then tak(‘s plac(‘, with no possibility of loss, which is 
otherwise liable to hapiien in tlu‘ interval lietwinm weighing tlu* gasoline and closing 
the bomb. 

(4) Fn'C acid in oil fuels — h'ree acidit\ to alcohol and to ^^ater are deti'rmiiK'd 
and reported in terms of oleic acid. 

EtTect of moisture on flash points — \ candid investigation has been made 
to determine tlie elTect of moisture on Hash points In general it may be .said that 
for low-flashing distillates, eg, kerosene, the pre.sence of water is scarcity likely 
to affect the result, seeing that, m th(‘ first place, water readily settles out from the 
od, and, in the second place, the low temperature at which the oil flashes is insuf- 
ficient to liberate an ajipreciable amount of water vapor. In the case of fuel oils, 
however, "there may be emulsified water present, and at temperatures upwards 
of 150° ^ , this water has a deciiled effect . • * 

1 Petroleum, 1017, 12, 076; J. S. G. I., 1010, 244 A. 

2 Trans. Amer. Inst. Chein. Engineers, 1015 (S), 170. 

^ Ruri'aii of Mines Technical Paper ISl (1017). 

* MaumenO, M., De I’analy.se des huiles au moyendo facidc sulfurique: Compt 
rend., t. 85, 1S52, pp. 572-578. Leach, A. E, Food inspection and analysis, New 
York, 1014, 3d editi^, p. 404. 
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sometimes used in the testing of turpentine and fatty oils. This 
method really involves measuring the heat of reaction of oil and acid, 
conditions* being regulated so that the heat of reaction is proportional 
to the rise in temperatures. 

The method is commonly applied as follows: 50 c.c. of gasoline is 
placed in a glass-stoppered bottle, 10 c.c. of ordinary concentrated 
sulphuric acid added, and the mixture shaken. The temperature is 
taken before the acid is added and then at intervals while the mixture 
is being shaken. As soon as a maximum temperature is reached the 
reaction is considered complete and the rise in temperatui'e, generally 
expressed in Fahrenheit degrees, is called the “ acid heat test ” of the 
gasolene. Straight refinery gasoline generally has an acid^ heat 
test of less than 10° F. and the cracked products commonly marketed 
usually have tests not exceeding 30° or 40° F. 

The difficulty with the method is said to be that gasoline is such a 
volatile substance that part of the heat developed is dissipated in 
causing vaporization, instead of producing a rise in temperature. The 
error thus introduced is not considerable when the acid heat test is low, 
but with even moderately highly unsaturated gasoline is so large as 
to make the I’esults entirely unreliable. 

Conclusions with regard to the merits of the acid heat test are 
briefly as follows: The test is of value only for gasolines of moderately 
low degree of unsaturation, and when operating conditions arc so main- 
tained that the rise in temperature is proportional to the heat of reaction. 
The container employed should always be of a standard heat capacity 
and fixed quantities of acid and gasoline should be used. The strength 
of the acid should be always the same and the rate at which it is added 
to the gasoline probably should be fixed. The rate of adding acid is a 
particularly important source of possible variation, because the course 
of the reaction is probably affected by the relative concentrations of 
unsaturated hydrocarbons and acid. The quantity of acid used should 
be sufficient to react with all the unsaturated hydrocarbons, but should 
not be unnecessarily large, as the excess acid absorbs heat and thus 
cuts down the temperature rise. The use of a vacuum bottle of about 
one pint capacity is decidedly advantageous in that heat losses through 
radiation are eliminated and its heat capacity, being small, is ©ot liable 
to cause impbrt^it* variations. Simple shaking with a rotary^ motion 
is better than the use of a mechanical stirrer. 

The experiments indicate that the acid heat test is less satisfactory 
in operation than the method of absorption by sulphuric acid and 
that the results are less reliable. 



THE TESTING OF MOTOR FUELS 


39 


Bromine Absorption Method. — The method of Mcllhiney ^ was 

selected as representative. This method involves absorption of 
bromine in a medium of carbon tetrachloride during a rcattion period 
‘ of thirty minutes. The excess of bromine is determined by adding 
potassium iodide solution and titrating the liberated iodine with stand- 
ardized sodium thiosulphate solution. The proportion of bromine that 
goes to form substitution products instead of being directly added to 
( he 4iydrocarbon molecules should also be determined. This is accom- 
plished by a supplementary titration, with thiosulphate, of the iodine 
liberated when a neutral solution of potassium iodate is added to the 
reaction mixture. The true bromiiui addition value is found by sub- 
tracting twice the amount found by the last titration from the total 
quantity of bromine absorbed. The reactions involved are as follows: 

1. Bromine addition (typical) — 

(' 2 H 4 + Br2 =C2H4Br2 

Ethylene Bromine Ethylene 
bromide 

2. Bromine substitution (typical) - 

(^2H« + Br2 = CiUbBr -f HBr 

Ethane Bromine Ethyl bromide llydrobromic acid 

3. Determination of bromine substitution, which is equivalent to 
hydrobromic acid formation; the bromine addition value is the total 
bromine loss minus the sum of the equal (piantities of bromine sub- 
stituted and converted into hydrobromic acid — 

OHRr + K1()3 -f 5KI = 31. + 6KBr + 3 H 2 O 

Hydro- Botassium Potassnim Iodine PotaHsium Water 

bromic iodati*. iodide bromide 

acid 

Comparison with Iodine Method. — Bromine numbers were deter- 
mined by this method for a smies of samples of varying degrees of 
unsaturation. With these samples the amount of bromine substituted 
proved to be practically a negligible quantity. Results of the tests are 
shown in the following table. The iodine numbers, and the theoretical 
bromine values, calculated from the iodine numbers by multiplying 
by the ratio of the chemical equivalents of the tjvq^halogens, are also 
shown? 

^ Mcllhiney, P. G., The determination of bromine absorption of oils: Jour. 
Am. Chem. Soc., vol. 21, 1899, pp. 1084-1089. 
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Exj)erimentaUy determined bromine numbers of a series of unsaturated 
naphthas compared with bromine numbers calculated from iodine num- 
bers determined by the II anus method. 


Sample No. 

Bromine 
valu<\ de- 
termined 
hy e\'p(‘ri- 
nuMit 

Bromine 
value, eal- 
eulated 
from iodmi' 
value 

lodllK' 

numix'r 

1 

UV2 0 

11)0 0 

203 0 

2 

103 .7 

91.3 

141 S 

3 .. . . 

7S 4 

SO 3 

127 4 

\ . 

72 S 

72 2 

111 0 

0 . . . 

00 3 

55.0 

S7 1 

() . 

49 7 

ll.S 

00.4 

7 

3.") () 

1 29 1 

I 

40 7 


Conclusions as to Bromine Method. TIk' a^rcM'iiient l)(‘tw('(‘n 
the determin(‘d and the calculatcMl la’oiniiie mnnlxM’s was r(‘as()iia})]y 
good, })ut there was more diflieulty in ohtaining coneordaiit duplicate 
results with the bromine than with the iodine nudhod. Also more 
time was consumed in making the d('t(‘rminati()ns by thc' bi'omine 
method and there seemed to be no advantages from its use. (In'ater 
rapidity has been claimed l)y some operators for the bromiiu' metliod, 
but undoubtedly on tlie basis of comparison with oiu' of th(‘ slower 
iodine methods, as for instance, the Hubl. 

The (piestion of the advantages and disadvantages of olefins in 
motor fuel is an important one. It is at pres(‘nt concedi'd (Dean and 
Hill) ^ that gasoliiH's containing up to 12 per c('nt of “ unsat urat(‘d 
constituents are satisfactory motor fuel and that jiroducts containing 
a good deal in excess of 12 per cent “ unsaturatiKl ” can be us('d without 
much trouble. 

The importance of a standard method for determining the amount 
of olefins in gasoline is n'cognized by Dean and Hill who have made 
a careful study of tin* relative merits of four ginieral nu'thods, tlu' iodine 
method of Hanus, the sulphuric acid absor|)tion method, tin* ‘'acid 
heat test ’’ and tbc bromine absoi-ption iindhod. The concltision is 
reached that the io(finc method and the sulphuiic absorption method 
are the only reliable ones and of these the sulfihuric absorption method 
is the more “fool proof ” of tln^ two. Tin; above investigators have 
standardized these methods in such a way that the jin'stnice of aromatic 
compounds is not deleterious when the pro])er conditions are observed. 

^ Bureau of Mines Technical J*aper 181 (1917)^ p. 3. 
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Determination of Iodine Numbers by the Hanus Method.^ — The 
Hanus ^ method of determining iodine nunihcrs seems to be the most 
advantageous of any yet devised for this purpose. It is 'more ra])id 
than the widely used HubP method and does not require tlie special 
reag(‘nts employed in the Wijs method. 

Preparation of Solutions. — The Hanus iodine solution is made by dissolving 
113.2 grams of iodim' and 11 c.c. of bromine m a liter of glacial acetic acid. This so- 
lutiofi should lie allowed to stand several days bc'fore using. 

Sodium thiosulphate solution is preimred by dissolving appro.ximately 25 grams 
of the crystallized salt (Na:.S.>()3.5H20) in each ht(T of wab'r. 

l*olassiiim dichromatic solution is prepared by dissolving 3.S()()5 grams of very 
pure dry salt (KoCr.-O?) m water and making up the volume to a litc'r. This is the 
basic standard solution for this nuTliod and must be prepanxl and jireserved with 
gri'at care. ''Phe (piantity taken will hbicrate 10 grams of iodine from an acidified 
solution of potassium iodide. 

Potassium iodide solution is made by dissolving one part liy weight of the jiure 
salt 111 nine parts of water. 

Starch indicator solution may be jireparivl in various ways. The method of 
Gooch® is highly satisfactory; 5 grams of starch is miwl with a tiny ))it (about 
0.01 gram) of ri'd mercuric iodide and rubbcMl to a smooth paste with cold water. 
This ])aste is poured into a lit(‘r of vigorously boiling water and stirred thoroughly, 
the boiling bi'ing continu<‘d for a minute or two. The solution is allowed to cool 
and si'tth'; the ch'ar portion is decanted into a bottle from whuch it is used. About 
3 c c. is usi'd in each titration. If red nn'rcuric iodide is not available the solution 
may be prepared without it. and w'hen cold shaken with a few drops of chloroform, 
which acts as a ]n(‘servativ(‘. 

Standardization of Solutions. -Sodium thiosulphate solution is standardizeii 
against the potassium dichromate solution as follows: 25 c.c. of the latter, equivalent 
to 0 25 gram of lodiiu', is run from a pipi'tte into a 2()0-c.c. Erhaimeyer flask con- 
taining about 12 c.c. of a 10 per cent solution of potassium iodide a.nd 5 c.c of or- 
dinary coiHMMit rated, chemically ])ur(‘, hydroi^hloric a<*id. Th(‘ iodine thus hlu'rated 
i< titrated with sodium thiosulphate solution, the standard of the latter being 
corded in grains of iodine equivalent to (‘ach cubic centimeter of the thiosulphat(‘ 
solution. Tlu' thiosulphate solution needs to be restandardized occasionally, as it 
changes .slightly on standing. 


^ Dean and Hill ihi'l., p. 0. 

Hanus, J., Hie Anwmidung von .lodmonobromid bei der Analyse von Fidten 
und Oelen: Ztschr. Filters. Xahr. (lenuss.. vol 10, 1001, pp. 013-020. Hunt, 
F. W'., A conqiarisoTi of methods used to (hdermine the iodine values of oils: Jour. 
Soc. Chem. Ind., vol. 21 1002, pp. 511 4.55. Smith, W. H, and Tuttle, J H., 
Iodine nimibers of linseed and jietroleiim oils: Hureau of Standards.Tech. Paper 37, 
1014, p]^ 1-14. * 

3 Hiibl, Fine allgemein anwendbari' Methode zur lTnter.«uchung der Fotte; 
DingleFs Poly. Jour., Hd. 2.53, ISSl p)). 2S1-205; Jour. Soc. CJiem. Ind., vol. 3, 
1881, pp. 641-043. 

Wijs, J. J. A., Zur Jod-.\dditionsmethode: Rer. Deut. Chem. Gesell., vol. 31, 
ISOS, pp. 7.50-7.52 

® Gooch, F. A. Methods in chemical analysis. New York, 1012, 530 pp. 
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The Hanus iodine solution is standardized daily in the regular course of making 
determinations by “ running a blank ” — that is, titrating a mixture made up like 
one of the uiVxnown mixtures but without any gasoline. 

Method of Determination. — The general scheme of procedure 
is as follows: Reaction mixtures are made up in the special glass- 
stoppered Erlenmeyer flasks sold for the purpose by chemical supply 
houses. The mixtures may be prepared at uniform intervals (five 
minutes is a convenient period) until thirty minutes have elapsed, when 
the first mixture is titrated. One of the factors that insures agreement 
of results is uniform time of reaction, and the 30-minute period should 
not be allowed to vary more than two or three minutes either way. 
Determinations may be run conveniently in series of six, as each mixture 
can be made up in a 5-minute period and the titration can be performed 
conveniently in that interval of time. 

The procedure for a single sample is as follows: First, 10 c.c. of 
chloroform or carbon tetrachloride is measured into on(‘ of the glass- 
stoppered reaction flasks. The proper (|uantity of gasoline is then 
measured in, care being taken that there is no loss thi’ough evaporation. 
A convenient method of accomplishing this involves the use of a small 
capillary pipette made from glass tubing of about 1 mm. internal 
diameter and marked at intervals along its length. The volume fi’om 
the pointed tip to each of the marks is determined by weighing the 
pipette first empty, and then filled with pure distilled water, measured 
at a temperature of 15° (J. Different known quantities of gasoline, 
measured at the same temperature, can therefore be delivered from 
this instrument. The density of the gasoline should be known, measured 
for 15/15° C, The quantity used should be such that 10 to 30 per cent 
of the iodine used is absorbed. It is not always possible to hit on the 
right ratio between Hanus solution and gasoline at the first trial, but 
a second determination should always bring the quantities within the 
proper limits.. 

The capillary pipette, after being filled with the gasoline (at a 
temperature of 15° C.), is discharged with its tip held below the surface 
of the chloroform or carbon tetrachloride in the flask. The empty 
pipette is then partly washed by filling it once with the diluted gasoline 
mixture and letting the contents drain out. Washing is completed by 
filling once with i*Jui^ solvent (chloroform or carbon tetrachlori(le) and 
draining again into the flask. This procedure avoids exposure of a 
large surface of pure gasoline to the air and reduces evaporation losses 
to a negligible quantity. The quantity of Hanus solution used by 
Dean and Hill was 10 c.c., and the quantities of gasoline between 
0.04 and 0.20 gram. 
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The reaction mixture is allowed to stand for 30 minutes, preferably 
in the dark and never in direct sunlight. At the end of this time 25 c.c. 
of potassium iodide solution is poured in and 100 c.c. of distilled water 
’ added. The mixture is then titrated with the standardized sodium 
thiosulphate solution, care being taken to shake the mixture vigorously 
as soon as the yellow color fades in the aqueous layer. This precaution 
is to insure the removal of the iodine dissolved in the carbon tetrachloride 
or chloroform layer at the bottom of the flask. The starch indicator 
should not be added until after the yellow color of the iodine becomt\s 
faint. Warning of the approaching end of the titi*ation is given by th(^ 
color changing from greenish to blue. The titration is complete when 
the blue color just fades. 

fhe iodine number is the percentage by weight of iodine absorbed 
and is calculated by the following pi*ocedure: The titer of the unknown 
mixtiii'c is .subtracted from that of a blank, consisting of Harms .solution 
and solvent allowed to stand thirty minutes without any gasoline, and 
the dillenmcci in cubic centimeter's of thiosul[)hatc solution is multiplied 
by the weight of iodine equivahmt to each cubic centimeter of the solu- 
tion. The weight of iodine thus found is divided by the weight of 
gasoline taken, and the quotierrt is multiplied by 100, which gives the 
iodine number. 

Method of Absorption by Sulphuric Acid.^ - The method of ab- 
s()r[)tion by siil[)huric acid is similar in principle to the iodine alxsorp- 
(ion method, ex(;ept tliat it involves measur*ement of a decrease in the 
(piarititv of the reagent. The method is mor*e or le.ss wid(*ly u.sed, but 
generally without a knowledge of certain devices or methods of ])ro- 
cedur’c that obviate experimental difficulties. When sulphur’ic acid is 
mixed with a highly unsaturated oil or gasoline there is a possibility 
thrit much heat may be developed and that gaseous r’eaction products 
may form with almost explo.sive violence. Some types of apparatus 
that are frerpiently used are not of pr*oper design to minimize these 
difficulties and have the additional disadvantage of relatively high cost 
and fragility. 

The procedure is simple, and it is said, hrus yielded satisfactory results 
with mixtures containing as much as 40 per cent of unsaturated hydi’O- 
carbons. The container employed is that described in the catalogues 
of chemical supply houses as the 0-inch, 9-gram, 40^)cr cent Babcock 
cnniin Cottle. The neck of such a bottle is calibrated for the volume of 
4.5 gi’ams of butter fat, which is a little less than 5 c.c. An ordinary 
5 c.c. pipette can be regraduated to deliver this quantity. 

The gasoline to be tested is run into a clean, dry bottle, cooled for 

• ^ Dean and Hill, tbid.y p. 9, 
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a ininute or two by immersing in iee water, and then 200 per cent by 
volume of ordinary conciaitrated sulphuric acid is poured in from a 
small graduate, (^arc should be taken that the acid runs quietly 
down the side of the bottle, instead of sj)lashing onto tlie surface of 
the gasoline. A rubber stopper is then plac(Ml in the bottle and iho 
contents are shaken, first slowly, then vigorously with a rotary motion 
for several minutes. The gasoliia^ and the acid arc separated by 
either one of the following two nudhods. 

Gravity Separation. — Sulphuric acid is added to the contents of the 
bottle until the surface of the liquid is about level with the upp(M‘ grad- 
uation mark on the neck of the bottle. Tlu^ mixture' is tlu'ii S(;t aside 
and allowed to stand overnight,, when pra(di(;ally compk'te^ separation 
is clTcctcd. 

Centrifugal Separation. — The stoppered bottle is placed in a 
suitable centrifuge and revolve'd for two or thrc'e minute's at a spe'e'el e)f 
500 to 1000 r.p.m. Sulficie'nt aciel is then aeleleel to bring the' le've'l up 
to the lower graeluation mark and the contents aie again centrifuge'el te) 
complete the separation. More acid is then addeel to Ining the ce)himn 
to the uppe rumination mark, after which the residual volume of 
gasoline is rei^ 

Advantages of Method. — The re'sults e)btainexl have a possible' ei'ror 
of 1 to 2 per cent, but within the'se limits sen'in te) ])e' the)re)ughly reliable'. 
The ioeline me'4he)el, if pre)peiiy applie'el, is undenibteelly the nie)re accui’ate, 
and, unless a centrifuge is available', may be e!e)nside']‘e'd more' lapid. 
However, it rexjuire's the ope'rator to have conside'rable' skill in the 
teclmiepie of iexlime'try anel yielels re^sults that may involve huge ei’re)is 
if operative details are wrong. 

The sulphuric acid method, on the ejthe'i- haiiel, is simi)le, reliable, 
although not highly accurate, anel is more rapiel than the' ioelime'tric 
method if a centrifuge is available'. If speeel is me'asure'el in te'i'ins of 
the time requirexl for the actual work ejf making u)) reaction mixtiuTs, 
this method is more rapid even if overnight staneling is emple)ye'el, 
although a longer wait is then ne'cessary be'fbre' the' lesults are availab’e. 

Tests te) elctermine the olefin constituents of gasoline anel kere)se‘n(' 
are given by J. Tausz and H. Wolf.^ The niercuri/atie)n test - inelie'ates 
the progress of the refining e)f mineral e)ils. It shows the presence e)t 
those unsaturatecr cejnstituents which combine with alcoholic mercuric 
acetate at the ordinary temperature, but not of those which are' only 
oxidizeel by the reagent. Since the first class of compounels is only pre^s- 
ent in veiy small proportion, it is l)e'st to determine both classes together. 

' Z. aiiRcw. Chem. 1019, 32, 317-319; J. S. C. I. 1919, 889 A. 

2 J. S. C. I. 1919, 4 A. 
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For this purpose the oil is boiled with a dilute alcoholic solution of iner- 
cuiic acetate, and the unaltered portion distilled in a current of steam 
jiiid measured. The unsaturatcd hydrocarbons which have combined 
' with the mercuric acetate are then liberated by means of hydrochloiic 
acid, distilled with steam and measun'd. The determination is carried 
out in a flask with a side tube, which by inclining the flask can be con- 
nected with a n'Hux condenser cooled with alcohol and caiTon dioxide 
for 4he boiling or with a vei’tical condcaiser and receiver similai’ly 
cooled for the distillation. The unavoidable loss is fairly constant and 
in the case of rc'fined light petroleum spirit averag('d 1.05 c.c. for 50 c.c. 
This value hcaice may be applied as a corr-(M*tion. For the analysis of 
pet roleum spirit a solution of 30 grins, of mercuric actuate in 500 c.c. 
of water is placed in the fl‘isk, which is then coniK'cted with the reflux 
condcaiser, and 50 c.c. cf tlu' (51 and 15 c.c. of alcohol arc introduci'd 
into the flask through t!ie condimsi'r. After shaking, the flask is heated 
for 8 hours on a vigorously boiling wab'r bath. Th(‘ condcaiser is then in- 
verted and attaclK'd to a burette* terminating in the chilled receiver, 
jind the hydrocarbons which have not reacted are distilkal in a current 
of steam. The distillate is waslKnl with 100 c.c. of dilute sodium hy- 
droxide solution fo l■etnove a.(*efic. acid and then with 100 (*.c. of sodium 
bisulphite solution to remove any ald(‘hydes or kcTones, the residual 
salinated hydrocarbons measured and the ai)[)aratus constant (i.i*., 
1.05) added to the amount. For the liberation of the combined un- 
saturated hydrocarbons strong hydrochloric acid is introduced into 
tlu* flask, and tin* contents distillc'd as before in a current of steam. 
For tlu* analysis of kerosene 30 grins, of mercuric acetate and 30 c.c. 
of alcohol aie inti’odiurd into tlu* flask, which is llu*n shaken for five 
minutes before the introduction of 500 c.c. of water. The further 
pr()Ci*dui'e is as (l('scrib(xl above. Six samples of Galician light pe- 
troleum distillates contained from 1.0 to 4.2', (by vol.) of olefins, 
while a lofined kei'oseiu* contained 3.3',. A crude Ameiican naphtha 
was found by Tausz and Wolf to contain 9.0 ' , and two refined American 
petroleum s]Dirits 3.2 and 1.2'; r(‘s[)(*ctively. 

F. C. Ruff ' rcuuwos imsiilurutod ahphalic hydrocarbons from a gasoline frac- 
tion containing an aromatic hydrocarlxm, by li(*ating with sulphuric acid containing 
not mor(’ than 1 f)(*r c('nt of nitru; acid, that i.s, an amount, insufficient materially 
to atta(!k the aromatic. et)mpound. • • 

• 

Determination of Aromatic Hydrocarbons 

An important consideration in motor fu(*ls on the mtirket at present 
is the Cx)nt(*nt of aromatic hydrocarbons. 

1 J. 8. U. L, lots, m A; U. S. Patent UiOIL'iSO, Apr. 10, P.)18. 
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Rittmann, Twomey and Egloff ^ have evolved a specific gravity 
method for estimating and determining unsaturated hydrocarbons in 
the presence of aromatic hydrocarbons. Apparently the method is 
designed for the control of cracking processes when aromatic hydro- 
carbons are being produced from petroleum. It would, however, ap- 
pear to be applicable also to the rapid estimation of benzene (benzol) 
in gasoline. 

Successive redistillations are made through an efficient fractionating 
apparatus so as to give cuts at 95° C., 120° C. and 150° C. The specific 
gravity of these carefully obtained cuts is then made with an accuracy 
of one part in one thousand and, knowing accurately the specific gravity 
of the pure aromatic constituent (benzol, toluol or xylol as the case 
may be) and possessing a fairly accurate value for the specific gravity 
of the non-aromatic constituent, the amount of each in the fractions 
under examination may readily be determined by interpolation. 

The assumption upon which this method is based is the gravity 
value assigned in each case to the non-aromatic constituents of the 
distillation cut. If, for example, unsaturated hydrocarbons have pre- 
viously been removed by treatment with sulphuric acid in the cold, 
and if one possesses a fairly accurate knowledge of the composition 
of the non-aromatic saturated constituent, then a lough estimate of 
the proportion of aromatic and non-aromatic bodies in the mixture 
may be calculated from a specific gravity determination. The method 
is applied to separations of benzene, toluene and the xyk'nes from satu- 
rated aliphatics having boiling points in the neighborhood of the 
aromatic bodies mentioned. 

For the chemical separation of aromatic and nonaromalic hydro- 
carbons, Rittman and his co-workers'^ prefer the nitration nudhod, this 
being preceded by a removal of unsaturated open chain compounds. 

(a) Removal of Olefins. — A 100-c.c. sample is measui‘(‘d into a 
500-c.c. separatory funnel. To this is added 100 c.c. of sulphuric acid 
(sp. gr. 1.84). During the addition of the acid and the subsequent 
shaking for five minutes the mixture is cooled with ice water. A 
reddish-brown sludge forms which may readily be separated by cen- 
trifuging for fifteen minutes, although it does not settle with long- 
continued simple standing. The acid-sludge mixture is drawn off and 
the residual oir^su1)jected to nitration according to the method of 
Lunge.* 

^ Mot. and Chem. Engineering 1915 (13), 982, et seq. 

* Ibid, pp. 9 and 10. 

> Coal Tar and Ammonia, Lunge, 4th edit. (1909), vol. II, p. 765, 
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(b) Nitration. — The procedure for nitration is briefly as follows: 
The sample is placed in a 500-c.c. flask equipped with a dropping funnel 
and a tube which acts as an air-cooled reflux condenser. Iflto the oil 
fs run dropwise and with constant shaking a well-cooled mixture of 
100 g. of nitric acid (sp. gr. 1.4) and 180 to 200 grams of sulphuric acid 
(sp. gr. 1.84). The flask is cooled during the addition by immersion in 
ice water. After the cessation of all tendency toward spontaneous 
heating of the mixture the flask and its contents arc heated for two hours 
at a temperature of about 60° C. The escape of vapors is prevented by 
the use of an efficient reflux condenser. After cooling, the contents of the 
flask ar(^ transferred to a separatory funnel, allowed to settle anil the 
lower acid layer drawn off. The latter is diluted with several tinii's its 
bulk of water, and any oily liquid separating is added to the nitro- 
, benzene. 

The crude nitrobenzene is washed with water, very dilute caustic 
soda and again with water. It is drit^d and weighed, then distilled up 
lo 150° (A and the distillate again treated with a large excess of the 
nitric-sulphuric acid mixture. Any liijuid remaining undissolved in 
the acid is regarded as non-nitrifiable mat(‘rial. 

Another nitration method of determining aromatic hydrocarbons 
in gasoliiK^ has been elaborati'd by D. Florentin and H. Vandenberghe.^ 
To 20 c.c. of the gasoline, in a flask cooled in ice, nitiic acid (specific* 
gravity 1.5) is added, drop by drop, with shaking, until a brown tint is 
no longer produced, and the mixture is then left for fifteen minutc^s. 
The; (contents of the flask arc pourcnl into a large excess of watc^r and 
neutralizcKl with sodium hydroxide. By steam distillatioh small 
mnounts of im[)urities arising from the oxidation of impurities in the 
gasoline are removed, and thcai the gasoline is decanted. The aqueous 
solution is (extracted twice with light ix‘troleum spirit, and the extracts 
arc* added to the decantcxl gasoline, this mixture then being made up 
^to 100 c.c. with more light petroleum spirit. An aliquot pc^rtion is 
evaporated in a small glass dish in vacuo over sulphuric acid to constant 
weight (or very slight constant loss in weight), the residue being the 
nitro derivative. The weight of this, multiplied by 0.634 gives the 
wc'ight of benzene. 

Alternatively an aliciiujt portion may be heated with titanoys chloride for two 
hours und^r a reflux condenser, and the residual titanous chloride titrated with a 
solution of ferric salt.^ The second method is rapid and exact, and is preferable 
to the first when the gasoline contains any appreciable quantity of high boiling- 
point fractions. The examination of a number of samples of commercial motor 


1 Bull. Soe. Chim., 1020, 27. 204; J. 8. C I., 1020, 325 A. 

2 J. S. C\I., 1020, 224 A. 
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spirit shows that they contain appreciable quantities of benzene hydrocarbons, par- 
ticularly toluene. 

Aromatic hydrocarbons are removed from mineral oils by means of 
trioxymethylene-sulphuric acid according to J. Tausz.^ The efficiency 
of Nastjukoff^s formolite process ^ is increased by the use of trioxy- 
methylene in place of formaldehyde solution. In the case of an oil 
volatile in steam, e.g., refined ligroin, 5000 c.c. is added to a solution 
of trioxymethylene (30 grins.) in sulphuric acid (100 gnns.).'^ The 
mixture is kept cool and well shaken for half an hour, after which ice 
(500 gnus.) is added, and the oil distilled with steam. Salt may be 
added to the mixture before the addition of ice in order to protect the 
hydrocarbons from the sulphuric acid. Less volatile oils a^e first 
diluted with ten volumes of previously treated petroleum spirit. It is 
inadvisable to prolong the treatment, because a propoition of the oil, 
which increases with the duration of the reaction, is always lost. Thus 
l.3.4-trimethylcyclohexanc soon gave a coloration with the reagent, 
and after two days a yellow precipitate was olitaiiual by successively 
adding ice and ammonia. Aromatic hydrocaiUons can be detected 
in gaseous mixtures by the formation of a ivd precipitate' on shaking 
with 1-2 c.c. of the reagent. The reaction is also shown by diolefins, 
such as methyl- and dimethyl-butadienes, which contain conjugated 
double bonds, but in the case of aromatic hydrocarbeuis is limited to 
those which contain a hydrogen atom in the nuck'us. Thus, hexa- 
rnethyl- and hexaethyl-benzenes do not lespond to it. 

Concerning the determination of aromatic hydrocarbons in gasf)linc H. G. 
Colman and E. W. Yoeman^ state that on account of tlu' increase in volume wliieh 
occurs when aromatic and non-aromatic hydrocarbons arc' mixed, a ciorrection must 
be made in calculating the volume ix?rcentage of aromatics from the specific gravity 
of gasoline fractions containing them as obtained before' and after their removal by 
sulphonation. Since the expansion is a function of the jiarticular aromatic hydro- 
carbons and its percentage in the mixture, it has been necessary to make a series of 
determinations for the preparation of gi'aphs for benze'iu'. and f(;r toluene and xyh'tie. 
Slight differences were found in gasolines of different origins (same boiling point), 
but these are of no consequence for the purpose in hand. The dc'viations of the 
calculated specific gravities from those observed are bc'tween ().() and OOOIo for 
benzene and 0.0 and 0.0022 for toluene and xylene which are practically the same. 
If «!, a 2 and as are the respective specific gravities afti'r removal of the bi'iizcne, 
toluene and xylen^i f|jactions as obtained in the method of Thole (Chern. Abs. 1910, 
1013) and 6i, 62, and bs the values before sulfonation, the true volun.e percent- 
ages are as follows: Benzene 100 {(Ih + ^-i) - <h) s- (0.855 - ui): toluene - 100 
((62 + hi) - a^) s- (0 872 - a,); xylene ^ 100 ((b^ + h) - a, ^ (0.868 - a,), in which 


1 J. 8. C. I., Vol. 30, 1920, 147 A; J. prakt. Chem. 1019, 00, 276-280. 

2 J. 8. C. I., 1904, 1082. 

» Chem'. Abs., 1919, 1922; J. S. C. I., 1919, 38, 82-837. 
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k is the amount by which Mie specific gravity of a mixture of that percentage of the 
aromatic hydrocarbon and gasoline is lowennl by the expansion which occurs on 
mixing them. The maxima in both graphs occur for mixtures of 5O-C0Uper cent by 
volume of the aromatic liydrocarbon. 


TIio clitical temperature of solution of gasoline in aniline is used by 
G. Chavanne and L. J. Simon ^ to give tlie poiccntage of aromatic and 
of saturated cy(‘lic hydrocarbons in petroleum spirit.^ The critical 
tcmp(?i-ature of solution in aniline is determined on the original spirit 
and on the spirit freed fi’om aromatic hydrocarbons by nitration and 
washing with sulphuric acid. Th(‘sc two temperatures being repre- 
sented by Ti and T 2 , tin; content of aromatii; hydrocarbons is given 
by Ar^= k(T2 - Ti). Assuming the values, Ta and Tr, for the critical 
tcmpc'ratures of solution in aniliiu' which would be given by the acyclic 
• and the saturated cyclic hydrocarb(>ns respectively, present in the 


spirit if isolated, then the (‘ontent of the latter is given by C = 



(100 - Ar). These formulae are only applicable where the percentage 
of aromatic hydrocai'bons present is not greater than 15 or 20 and 
then I: = 1.18. The values for To and T< may b(‘ taken as 72^ and 40^ C. 
resp(^ctively. Where it is shown that ethylenic hydro(‘arbons are pres- 
(Mit to the c.Ktcmt of E pen* cent, e.xpressed as amylene, then for 
in the formula, OAE should be written. In order to correct for 
traces of nitro-conipounds l(‘ft in the spirit after nitration, T '2 + 0.2 
is used inst('axl of and to coi'i’ect for the slight depai'ture from the 
hiw of additivity shown by th(' saturated cyclic hydrocarbons, Tc - 0.5 
is usc'd instead of Tf, i.e., the value be(‘omes 39. 5*^ instead of 40° C. 

Using the above procxalure for determining th(' ci’itical temperature 
of solution (CT8) in aniline of hydrocarbons tlu* observt'd CTS's of 
mixtui’cs of acyclic hydrocarbons correspond to values calculated by 
the rule of mixtures. With mixtures of a different character, the agree- 
•ment is not so good. A method of analysis of gasolines based u{X)n 
this property of the mixtures has been devised, which consists in a 
fractional distillation of the mixture, separation of the aromatic hydro- 
carbons, determination of the C'TS in aniline of each fraction and de- 


^ (Jompt. rend. 1019, 109, 170 and 18.5; J. S. C. I. 1919, 019 A; Chem. Abs. 
1920, 117. ' • • 

2 Using a method based on the eritical temperature of solution in aniline the 
above investigators (Uomptes rend. 1919, 169, 693-605; J. S. C. I. 1919, 619 A; 
()72 A; 889 A) have analyzed twenty-two samples of German aviation gasoline taken 
from a number of ditTerent aerodromes and find that they all closely approximate 
to the composition, anmiatic hydrocarbons 10 per cent, saturated cyclic hydro- 
carbons 40 per cent, i^yclic hydrocarbons 50 per cent. 
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termination of the CTS in aniline of each fraction freed of its aromatic 
hydrocarbon. The CTS in aniline of a mixture of acyclic hydrocarbons 
is lowered by the addition of an aromatic hydrocarbon in an amount 
proportional to the concentration of the aromatic hydrocarbon. The 
constant of proportionality for benzene is 1.14, for toluene 1.19, and 
for m-xylene 1.24. The proportionality is approximate, being a function 
of the concentration of the aromatic hydrocarbon and the composition 
and nature of the mixture of acyclic hydrocarbons, but it is sufficiently 
exact to prove useful. By a further distillation of each fraction and 
observation of the CTS of the fractions distilled to separate the saturated 
cyclic hydrocarbons, it is possible to determine the amount of saturated 
cyclic hydrocarbons. The accuracy obtainable depends largely upon 
the care employed in the fractionation of the mixtures. 

Th(i defection of aromatic hydrocarbons in light petroleum dis- , 
tillates is discussed by J. Formanek, J. Knop and J. Korberd The 
presence of benzcaie in light petroleum may l)e detected by shaking a 
portion of the sample with a small amount of aTiiline color, e.g., Blue 
B T ” or “ Violet R T ’’ and filtering the mixture after two hours. If 
as little as two per cent of benzene is present, the licpiid will be colored 
distinctly. By comparison with standards, this test may be rc'iulered 
approximately (luarititative. Ether, alcohol, carbon disulphide and 
chloroform interfere to a certain extent. T(\sl6 for the detection of 
turpentine oil in light petroleum, depending on tlu^ absorption of bromine 
or iodine are untrustworthy, since other unsaturat(‘d compounds are 
often present. The freezing point of a sample affords some indication 
of its composition. Pure benzene freezes at-f 5.5'’('. (41.09°F.), a 
mixture of 25 per cent of benz(‘ne and 75 per ccait of toluene and xylene 
at - 10° to - 20° (\ (-h 14 to - 4° F.) and technical xylene at - 115° V. 
(-175°F.). The freezing point of light petroleum varies directly 
with the boiling point; a fraction boiling at 40-60° C. (104-140° P".) 
freezes at - 198° C. (- 324° F.) while a fraction boiling at 200-220° C. 
(392-428° F.) has a freezing point of - 93° C. (- 135° F.). 

P'or a discussion of the dimethyl sulphate method of estimating 
aromatics in admixture with olefins and aliphatic hydiccarbons see 
Rittman, Twomey and Egloff.^ 

A method which depends on the different solubility of picric acid 
in paraffin and firchnatic hydrocarbons respectively is used by^J. Tausz 
and S. Schnable ^ for the detection of aromatic hydrocarbons. Pure 

» Chem. Abs. 1918, 1590; Chem. Ztg., 1917 (41), 713-4, 730-1; J. Chem. Soc., 
112, II, 581-2. 

* Met. and Chem. Eng. 1915, 682, et seq. 

> J. S. C I. 1919, 940 A; Chem. Zeit. 1919, 43, 726. ^ 
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benzene dissolves about 10 per cent of its weight of picric acid, while 
the latter is practically insoluble in hexane. About 50 grains of the 
piJ under examination is shaken for 10 minutes with 3 grains (or more 
if necessary) of picric acid, filtered, 20 grams of the filtrate mixed with 
30 c.c. of water and titrated with sodium hydroxide solution, using 
phenolphthalein as indicator. The number of c.c. of N/1 alkali re- 
quired to neutralize 100 grins, of the oil saturated with picric acid is 
termed the picric acid value of the oil. For ordinary gasolines and 
ligroins this value is usually less than 0.3. The following results were 
obtained with a Rumanian gasoline, sp. gr. 0.7590, b. pt. 98^ - 100° C., 
when mixed with varying quantities of benzene: — 


Gasoline 

Benzene 

(Benzol) 

Picric; acid 
value 

i ^ ^ 1 

j 

( lasoline 

Benzene- 
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70 
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I 20 
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70 

30 

1.0 

10 

00 

30 5 

60 

40 

3 1 

0 
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33. 3 

50 

50 

5.4 

i 




In Halphen’s method for the si'paration of low boiling aromatics 
from petroleum spirit or oil ^ the unsaturated hydrocarbons are removed 
with sulphuric aiud and the remaining oil tn^ated with fuming nitric 
acid which converts the low boiling aromatic body into its mononitro 
derivative. After the products of nitration are washed with water, 
they are treat e<l with a quantity of petroleum spirit sufficient to dis- 
solve them. This solution is then shaken with sulphuric acid, where- 
upon the nitroproduct is absorlx'd l)y the sulphuric acid and the increase 
in volume of thc^ latter is a measure of the amount of aromatic hydro- 
carbon (e.g., benzene). 

10 c.c. of petroleum spirit, from which olefins have been removed by shaking 
with an etpial volume of strong sul])hiirie acid, is placed in a flask closed with a stopper 
pierced by two holes, through one of which p 5 isHe.s the stem of a stoppered funnel 
containing 10 c.c of fuming nitric acid, while a long tube pafsel through the other. 
The acid*is added four to five drops at a time, the flask being meanwhile continually 
shaken and cooled in water, and the shaking is subsequently continued for 5 to 7 
minutes. After the nitration is complete, 10 c.c. of water are introduced, little by 
little through the funnel, while the flask is still kept cool, and then 40 c.c. of water, 
which may be added in one volume, and the flask is well shaken and cooled, so that 

1 J. S. C. I. 1910, 1447; Les Mati^res Grasses, 1910 (3), 1987. 
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the nitrous vapors are absorbed. The products of the nitration are now transferred 
to a separating funnel, the flask being rinsed out with 10 c.c. of petroleum spirit 
(also purified by treatment with sulphuric acid), and the whole shaken for a few 
seconds and allowed to stand for 30 minutes. The atjueous layer and any insoluble 
oil arc then drawn off and the petroleum spirit layer containing the nitro derivatives 
in solution is transferred to a stoppered graduated cylinder with a capacity of 
30-35 c.c. where it is shaken with 5 c.c. of sulphuric acid (65.5° Be). The cylinder 
is then allowed to stand for 30 minutes, after which the increase iti volume of the acid 
is noted. This increase multiplied by 0.87 gives the volume of benzene in the sample 
taken. Since about 8 volumes of petroleum spirit are retpiired to dissolve one vol- 
ume of nitro benzene the sample under examination must not contain more than 
20-25 per cent of benzene. When a greater proportion is present, the sample must 
be diluted with petroleum spirit. 

The above method appears to be applicalile to the analysis of gaso- 
line substitutes where benzol is often used to adapt kerosiau' to the 
requirements of the present type of motor. It is not extremely ac- 
curate, however. 

A method for the determination of benzene in benzol motor spirit 
is outlined by Wa. Ostwald.^ The benzene can be sej)arated from alcohol 
by shaking with water if the benzenes content is at, least 30 per cent. 
With a smaller content of benzene the addition of a known quantity 
of benzene is recommended. To 50 c.c. of the s])irit in a 500 c.c. 
cylinder are added 10 to 20 c.c. pure benzene and then water to the 
mark. The separation of benzene follows without especial shaking. 
After 5 minutes the separated benzene is drawm off and the added ben- 
zene subtracted. 

Another method for separating aromatic hydrocarlions from ad- 
mixture with olefins and paraffins depends on the use of liquid sulphur 
dioxide. 

S. E. Bowrey applies this method to the determination of toluene in 
crude petroleum. His procedure involves selc'cting the fraction boiling 
to 150° C. (302° F.), washing this with sulphuric acid to remove olefiiu'S 
and then subjecting the treated distillate to extraction with sulphur 
dioxide at - 35° C. (- 31° F.), It was found however that the extract 
contained paraffins as well as aromatic hydrocarbons. It was there- 
fore necessary to employ specific gravity determinations in oi’der to 
calculate the proportion of aromatic bodies.^ 

The sulphur tdi^xide method, although not fully developed, gives 
promise of being of the very greatest importance. ' 

Moore, Morrell and Egloff ® have determined quantitative relations 
in systems composed of liquid sulphur dioxide and typical specimens 

» Der Motorfahrer, 15,2-3; Chem. Zentr. 1918, II, 413; Chem. Abs. 1919, 3304. 

* J. S. C. 1. 1918, 455 A; J. Inst. Petroleum Tech. 1917 (3), 287-305. 

* Chem. Met. Eng. 1918 (18), 396. * 
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of hydrocarbons. Anionj*; other observations they have found that 
solutions of aromatic hydrocarbons in liquid sulphur dioxide possess 
the ability to dissolve paraflins, a capacity not possessed by sulphur 
(dioxide alone. These investigators have separated xylene and octylene 
from a solution of these hydrocarbons in gasoliiu*. The details of this 
separation are as follows. 

Table 1 gives the rc'sult of adding oiiiial vohimos of sulphur dioxide to gasoline 
contaitiing varying proportions of xyhaie and the olefin octyicne The latter two, 
when iiresent to an extent not excix'ding 25 jier eent of the volume of the oil, could 
be quite rividily and almost completely removixl as the refraction indices of the 
separated oils indicate. It is this s(‘paration which can be very usefully apiilied to 
the refining of American petroleums since th(‘ aromatics and olefins arc consider- 
'* 

TdhJr 1. — Piirafjin-Aroinntic-Olejln Mixture 
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recovered from the sulphur dioxide, a fact which is m marked contrast with the 
relining losses due to th(' ri'inoval of unsat urati'd hydrocarbons with sulphuric acid. 

As the ])(M'c, outage of aromatic and unsaturated compounds exceeded 25 per 
cent of the mixture, the .«olubility of the paraffins became more marked. With 
50 per c('nt .aromatic compounds and oh'fins present, the mixture was entirely 
miscible with the solvent. 

This separation was check(*d up on crude unwashed Pennsylvania gasoline and 
kerosene. In each case the sulphur dioxide; dissolvexl more than was removed by 
the sulplionation for oh’tins and nitration treatment for aromatic compe^unds. dhe 
ind(>x of the oil treat'd with sulphur elioxide showed muclf pftrer paraffin hydro- 
carbons ^remaining, while the; dissolved olefins and aromatic compounds were 
recovered. 

This thcroforo offers n method for separating aromatic oils of the 
solvent naphtha type, together with olefins from motor fuel containing 
such hydrocarbons, with the limitations indicated. 
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It is probable that Mexican and South American petroleum will be- 
come of constantly increasing importance and that a substantial part 
of our gasbline supplies will be obtained from these sources. 

Suitable methods for determining hydroaromatic hydrocarbons 
therefore appear to be of importance, inasmuch as petroleum from 
the above mentioned sources often contains asphalt or asphalt yielding 
bodies; and gasoline and other distillates derived from such petroleums 
are quite apt to contain saturated and uiisaturated cyclic; hydrocarbons. 

A method is described by J. Tausz and N. von Putnoky ^ by which 
cyclohexanes can be esiiniated in mixtures with arafhiis, depending on 
a measurement of the hydrogen liberated when a convenient quantity 
is circulated over a specially active palladium-black maintained at 
270° to 300° (\ (518° to 572° F.). Uy(‘k>hexancs are completely con- 
verted into benzenes in this way, but the paraffins themselves also 
produce a little hydrogen, an equililbrium with the ok'fin being estab- 
lished. The volume of hydrogen produced by the cyclohexanes, 
however, is nearly 20 times that develo^bed by ecpial quantities of the 
paraffins under the same conditions, so that quantitative results are 
obtained with a fair degree of accuracy if then^ is more than 1 per cent 
of the cyclic hydrocarbons in the mixture. As an example of the ap- 
plication of the method, the proof of the presence of cy(;l()hexane in 
a sample of hexane from American petroleum is given. 30 c.c. of 
synthetic; n-hexane only gave 338 c.c. of hydrogen while 30 c.c. of the 
natural oil gave 446 c.c., corresponding to 2.4 per cent of cyclohexane 
in the sample. - 


Viscosity 

W. H. HerscheP is of the opinion that the usual method of judging 
the volatility or suitability of a gasoline by the density is only a rough 
approximation and that JluuUty, which may be easily dcterminc'd with 
a suitable viscosimeter, might prove, either alone; or in conjunction with 
other tests, to be a preferable criterion. The Ubbelohdc viscosimeter, 
it is said, designed primarily for use with kerosene, serves well enough 
for a commercial determination of the fluidity of gasoline. For pur- 
poses of calculation and comparison Herschel uses the “ fluidity ’’ 
value which is Tin? reciprocal of the viscosity expressed in jbsolute 
units. 


1 J. 8. C. I. 1920, 54 A; Bcr. 1919, 52, 1573. 

2 See also J. Chem. Soc. 1920, ii, Gl. 

® Bureau of Standards Technological Paper No. 125, Viscosity of Gasoline. 
May 6, 1919, 18. , 
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The Ubbelohde viscosimeter ^ is similar to the Engler in having a largo, shallow 
container. It differs in the dimensions of the outlet tube, and in being provided 
with an overflow pipe to determine the initial level of the liquid, ii^tead of gage 
points as in the Engler instrument. Viscosities arc expres.sed in Ubbelohde de- 
grees, obtained by dividing the time of discharge for tlie oil by the “ water rate " 
or efflux time for 100 c.c. of water at 20° C. (08° F). Since water does not readily 
wet the surface of the container, especially after it has been previously filled with 
oil, the overflow cannot be used to bring the water level to the correct elevation. 
The .following method is therefore employed in determining the water rate: A suf- 
ficient amount of alcohol is poured into the container so that a surplus runs out of 
the overflow. When the flow has ceased the container is emptied by pulling a 
skewer out of the top of the outlet tube (just as in starting the flow in an Engler in- 
strument), and the volume of alcohol held in the container, below the level of the 
overflow, is moasuriMl. This same volume of water must be poured into the con- 
t ainef wlaai finding the water rate. If an exces^s of w^ater is userl, there is a tendency 
for it to cling to the overflow pipe, above the level of the li(piid in the container, and 
thus to make the (‘ffective head too great. 

Table 2 ci)ntains the standard dimensions of the Ubbelohde viscosimeter, ^ 
tog(d,her with the dimensions of twm instruments of the Bureau of Standards. 


Tdble 2. — Dimenfuotui of Ubbelohde V iHCosiweiers 


Dimensions 

Normal 

Tolerance 

Bureau of Standards 
instrunuMits 




No. 21 

No. 22 


cm. 

cm. 

cm. 

cm. 

Inner diameter of outhd. tube, at top 

0.125 

=*= O.OOl 

0.1311 

0.1306 

Inner diaiiK'ter of outlet tube, at bottom 
Outside diameter of outlet tube, a' 

.125 

.001 

.1282 

.1277 

bottom, d] 

1.0 

^ .05 

.9 

.9 

Length of oiith't tube, 1 

3.0 

.01 

2 934 

3 068 

Diameter of container, 1) ... . 

10.5 

4 = .10 

10.579 

10 576 

Outside thameter of overflow pipe, do . 



.07 

.68 

Initial head on bottom of outlet tube //, . 

4.6 

^ .01 

4.545 

4.702 

Average head, calculated 

3.992 


3.950 

4 104 

Water rate, seconds ... . . 

200 . 

=^4.0 

199.9 

198.6 

(!)apacity of container, cubic centimeter 



132. 

132. 


It is also stated ^ that there is very little published information on the viscosity 

or fluidity of gasoline. It is noted that SoreP gives inform.^tion from which the 
-- 

^ Herschel, ibid., p. 4. 

2 L. Ubbelohde, loc. cii.; also D. Holde, The Examination of Hydrocarbon 
Oils, translatal by E. Mueller, 1915, p. 56. 

* Herschel, ibid., p. 16. 

< E. Sorel, Carbureting and Combustion in Alcohol Engines, translated by 
Woodward and Prejton, 1907, p. 166. 
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viscosity of fuels might be calculated, but all of them are more viscous than water. 
Brewer^ quotes Sorel’s table and gives additional data of ins own, but his measure- 
ments were mn^le with tubes of insullicient length. Table 3 shows fluiditic's of vari- 
ous gasolines as determined by the Ubbelohde viscosimeter and calculated by the 
equation ^ 

viscosit V in poi^(‘s 1.43S 

kinematic viscosity = ^ = 0.0000887 t 

density; <j per cni.-^ t 

where i is the time in seconds required for the discharge of one hundred cubic centi- 
meters of liquid mea.sured at 20*^0. (OS'’ F.). The gasolines are numbered in the 
order of their specific gravities. Fluidities calculated from times of discharge le.ss 
than 155 seconds have been marked with an asterisk (*). 


Table 8. — FltmUlic'< (<f (lasolnica at Vanoui< Temperatures 


Gasoline No. 

Specific 

gravity 

ir).()° 

lo.fF ('. 

'rempi'rature 

5" (/. 

15" C 

25" (\ 

35" G. 

45" G. 

55" G. 

1 

0.757 

145 

166 

193 

212 

235 

262 

2 

.748 

130 

151 

170 

191 

214 

243 

3 

. 743 

129 

156 

185 

203 

227 


4 

.725 

202 

233 

264 

293 

324 

3()()'‘ 

5 

. 722 

18<.) 

219 

244 

278 

308 

342* 

6 

.717 

176 

208 

239 

277 

2t)5 


7 

.716 

197 

217 

256 

289 

321 

311* 

8 

.708 

203 

230 

257 

298 

332 

360* 

9 

.702 

233 

261 

296 

321 

358* 

400* 

10 

.701 

230 

262 

287 

333 

373* 

3t)S* 

11 

.699 

233 

269 

30() 

335 

372* 

423* 

12 

.691 

251 

28<; 

316 

354* 

387* 

427* 

13 

.680 

288 

323 

365* 

413* 

441* 

475* 

Kerosene 

.813 

39 

47 

61 

71 

84 



Cla.«olines Nos. 7 and 8 give an example of two fiu'ls with practically tlu' same 
gravity but greatly dilTering fluidity. Bingham has shown that the fluidily-vapor 
pressure curves of the aliphatic hvdrocarbons are practically identical, d’his shows 
that the vapor pressure or volatilitv is determined by the fluidity for any of these 
pure substances, and suggested an inve.stigation of the relation betw’cen fluidity and 
vapor pressure of gasolines which are mainlv corapo.sed of these hydrocarbons. The 
experimental determination of the vapor pre.ssure of gasolines has been found to 
yield widely discordant results, because the nonhornogem'ity of the gasolines makes 
the observed vapor pressure extremely sensitive to slight changes in the experimental 
conditions. 


R. W. A. Brewer, C/arburetion in Theory and Practice, p. 53, London, 1913. 
* Herschel, ibid., p. 11. « 
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Fif^urc 8 was ])lotled from <lata of Table 3, the fluidities of the aliphatic hydro- 
carbons and of water being taken from the tables of Bingham and Harrison.^ The 
figure shows that kerosene has a lower fluidity or greater viscosity than water. 
Ordinary commercial gasoline, as in samples Nos. 2 and 3, has about the same 
fluidity as octane. The curve for sample No. 7 w'as omitted, it is noted, for the 
sake of clearness as it would apfiroximately coincide with that for heptane. Most 
of the aviation gasolines, Nos. 4 and 8 to 12, arc shown to be more fluid than heptane 
and less fluid than hexane. Since the temperature-fluidity relation for these gaso- 
lines*is determined by a practically straight line, their fluidity wmuld be determined 
by specifying values at two temperatiues. 



Fig. 8. — Temperature-fluidity curves of gasolines and other liquids. 

It Iipix'ara from Ki,;. 8 tliot fluiilily mijrlil sorvo an important criterion of the 
(piality or suitability of a gasoline wliiro vi.latility is an im(^rtSiit factor. It ^'eras 
probable that the fliiklity is more closely connoctwl with the volatility than is the 
density. The test for Hiiidity, while it does not give the information obtaincil by a 
fractional distillation in reg.ard to the homogeneity or range of boiling points o tie 
fuel, is a comparatively simple test to make. 

1 E. C. Bingham and J. F. Harrison, Zeit. f. Physikaliachc Chemie, 66, 1909, 
p. 12. * 
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Vapor Pressure, Calorific Value and Sulphur Determination 

Vapor Pressure. —This property is a direct measure of the ease 
of starting ” of a motor fuel. The comparative method of Redwood’ 
and Thompson is described by H. Moore ^ as follows: 

“ The apparatus coiLsists of a thick-wallcH.! tube of small bore, about 30 in. 
long. The lower end of the tube is turned up and widens into a cylinder, about 0 in. 
long and 1 in. diameter, the upper end of which terminates in a short length oi^glasa 
tube. The long tube is graduated in inches, divided into tenths, and the wide 
cylinder is provideil with two marks, the lower corresponding with the zero of the 
scale and the upper being placed at nine tenths of the capacity of the cylinder above 
the lower mark. In u.se a short length of rubber tubing is wired to the (oj^ of the 
cylinder so as to cover it entirely, and project about I in. above it. Mercury is 
poured into the cylinder up to the lower mark, and care is taken that the mt^rcury 
thread in the tube is not broken. Enough of the liquid uruh'r test is pouri'd into 
the cylinder to fill it well up to the upper mark and the ajiparatus is clampc'd ver- 
tically in a vessel of water at 50° F. After sullicient time has elapsed to allow of 
this temperature being attained by the apparatus and its eontiMits, the levc'l of the 
liquid is corrected, if necessary, and the rubber tubing is closed by a pinch cock 
screwed up very firmly just above the top of the glass tube, tlu‘ open end of the 
india-rubber tube being further clo.sed by a glass stopper. The whoh^ apparatus 
is immerseil above the toj) of the rubber tube in water at 50° F. 'I'lie ti'inperaturo 
of the water is raised very slowly by means of a rose burner and its temperatun^ read 
by means of a thermometer immersed in it, unequal heating being avoided, as far 
as possible, by any form of mechanical stirrer. As the temperature of the water 
rises the height of the column of mercury in the capillary tube is retid off at ('V(‘ry 
5° F. rise of temperatun' in the liijuid, the heat being so regulated that this ri.^i* takes 
about 10 minutes, and is contiiiueil to 1(K)° F.” 

K. Dieterich ^ has determined the rate of evaportitioii of several 
motor fuels, including normal,” light, medium and heavy benzene 
(petroleum spirit), motor benzol (00 per cent) and motor alcohol (95 
per cent) and has plotted the results graphically, (lood “normal 
benzene ” gives a nearly straight, steeply falling, short curve. The 
higher the proportion of less volatile fractions presiait , the longer and 
more irregular the curve becomes, until it finally tak('S a nearly hori- 
zontal direction, as is shown in the curves for motor alcohol. The 
method of plotting the evaporation against the time is shown to be of 
great utility in the valuation of a motor fuel, a short, stc'op, straight 
curve indicating the best quality of fuel. 

Redwood and Lowes ^ state that the determination of the calorific 
power of a highly volatile liquid with comparatively high vapor f)ressure 

* Liquid Fuels. D. Van Nostrand Co., 191S, p. 151. 

2 J. S. C. I. 1919, 244A; Petroleum, 1917, 12, 676-677; Chem. Zentr. 1919 
190, 11, 31. 

3 Report on Hall Process of Manufacturing Motor Fuel, London, January 20, 

1914. ' 
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in comparison with that of ordinary gasoline (e.g., 20.6 inches of mer- 
cury at 100° F. (37.7° C.) is attended with many difficulties ^and the use 
of the bomb calorimeter is unsatisfactory owing to the difficulty in 
preventing loss by escape of vapor during the weighing of the liquid and 
the violence of the explosion. 

Vaporizing the spirit in any form of lamp or burner cannot be em- 
ployed owing to the heavy fractions of high boiling point present. This 
difficulty is surmount(;d by atomizing the oil by pressure in ji smaller 
reservoir mounted on a balance and burning the volatilized spray in 
a burner properly dimensioned to insure complete combustion in a 
Junker calorimeter. 

(j. Barsky ^ recommends the use of gelatin capsules in the determina- 
tion of the fuel value of very volatile liquids in a bomb calorimeter. 
They are constructed of ordinaiy capsules by turning in the caps so 
that the latter fit the menisci when the capsules are fillcMl; all air is 
thus excluded. The igniting wire is wound round the capsule. 

For estimating sulpliur in motor fuel W. A. Bradbury and F. Owen ^ 
use a modified Referee apparatus in which the combustion gases are 
passed through a column of beads that are moistened at intervals with 
reagent. Bradbury and Owen displace the spirit lamp by a carburetor 
in wliich air is carburetted by being blown through the motor spirits. 
Extra air may b(^ supplied to the vapors. A small reservoir of pure 
gasoline is supplicnl to a pilot flame while the apparatus is being as- 
S('mbled and another of turpentine is connected to the carburet! ing 
tube to be used for sweeping out the last traces of spirit from the car- 
burettor. The latter is placed in a water bath, and may be heated when 
n('c('ssary. The apparatus is claimed to give very concordant results. 

Lomax ^ has also reviewed methods of determining the sulphur con- 
tent of motor s})irit. He commends a modification by Esling of the 
combustion method, in which the motor spirit, after admixture with 
alcohol, is burnt from a small wick lamp in a current of air. Such 
a method is undoubtedly more trustworthy, it is said, for motor 
spirits of tolerably low sulphur cont(*nt than determination of the sul- 
phur through the products of combustion of the spirit in the bomb 
calorimeter. 

The ‘‘Doctor’^ Test. — The United States Bureau of Mines ^ has 
formuh^ted this tost as follows: * 

Obtain pure flowers of sulpliur and prepare the sodium plumbite or doctor 
solution. For the latter, dissolve approximately 125 grams of sodium hydroxide 

WTS. C. L, 1920, 147 A; J. Ind. Eng. Chem. 1920, 12, 77. 

2 Chem. Abs. 1914, 3853; Chem. News, 110, 163-5. 

® J. Inst. Petrol. Tech. 1917 (4), 19; J. S. C. 1. 1918, 116A. 

* Dean, Bureau of Mines Bulletin 214 (1919). 
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(NaOlI) ill a liter of distilled water, add 60 to 70 grams of litharge (PbO) and 
shake vigorously for 15 to 30 minutes, or let it stand with occasional shaking for 
a day. Mlow it to settle and pour or siphon off the clear liquid. If the solution 
fails to settle pro^ierly it may be filtered through a mat of asbestos. The solu- 
tion must be kept in a bottle closed tightly with a cork stopper. 

In making the test shake together vigorously two volumes of gasoline and one 
volume of the doctor solution (10 c.c. and 5 c.c. are conveniv iit quantities) in a test 
tube; or, if preferred, an oil sample bottk; may be used with correspondingly larger 
quantities. After shaking together for about 15 seconds, add a small piii^-h of 
flowers of sulphur, shake the tube again for 15 scconels and allow the contents to 
settle. The quantity of sulphur used shall be such that practically all of it floats 
on the surface, separating the gasoline from the doctor solution. 

If the gasoline is discolored, or if the sulphur film is so dark that 
its yellow color is noticeably masked, the test shall be reported as 
positive and the gasoline condemned as sour.’^ If the Ikiuid rianaius 
unchanged in color and if the sulphur film is bright yellow or only slightly 
discolored with gray, or flecked ^\it]l black, the test shall b(? reported 
negative and the gasoline considered “ sweet. 

Distillation 

Dean ^ proposes the following method : 

Distillation Method and Apparatus. -- The distillation method 
recommended is approximately that adopted by Subcommittee XI of 
Committee D1 of the American Society for Testing Matiaials.^ 

The two noticeable points of variation are the method of ri'ading 
temperatures against fixed percentage points and the use of a ther- 
mometer of lower range. The nu'thod of tln^ society is projiosed for 
the analysis of turpentine substitutes which arc petroleum products 
of higher boiling range than gaso’ine. 

The apparatus used should bo as follows: The particular torm 
employed is represented in Fig. 9 and diffei s somewhat in appt'aranci^, 
though not in the essential details, from that generally supplied in the 
market for this test. 

Flask. — The flask used shall be the standard 100-c.c. Engler flask, 
described in the various textbooks on petro’eum. Dimensams (outside) 
are as follows; 


Dimensions of Fhsk 


Inches 

Dimensions 

Cm. 


... 6.5 

2.56 


.. . 1.6 

0.63 

Length of neck 

... 15.0 

5.91 

Length of vapor tube 

... 10.0 

3.94 

Diameter of vapor tube 

.... 0.6 

0.24 


* Bureau of Minc.s Bulletin 214 (1910). 

* American Society for Testing Materials, Year Book for 1915, pp. 568-569; 
or pt. 1, Committee Reports, 1916, vol. 16, pp. 518-521. 
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Position of vapor lube, 9 cm. (3.55 inches) above the surface of the 
gasoline when the flask contains its charge of 100 c.c. Tl^e tube is ap- 
proximately in the middle of the neck. 

The flask shall be supported on a ring of asbestos having a circular 
opening Ij inches in diameter; this means that only this limited por- 
tion of the hnsk is to })e heated. The use of wire gauze or a sand bath 
is not approved. 

Condenser. — The condenser shall consist of a thin-walled tube of 
metal (brass or cop[)er) approximat(*ly one-half inch internal diameter 


u 



Fig. 9. — Apparatus for dislillation l(st of f^asolinc. (a) WirOvS connecting with 
electric mains t,hi-ougli a suitable rheo.stat. {h) Electric heater, (c) Engler 
distillation flask filled with eliarge of gasoline partly distilled, (d) Thermometer. 
{c) Condenser, with froiigli filled with ice and water. (/) Receiving graduate. 
(y) Cock for draining condenser trough. 

and 22 inches long. It shall be set at an angle of 75 degrees from the 
per[)endicular and shall be surrounded with a cooling jacket of the 
trough type. Tht' lower end of th(‘ condenser slutll be cut off at an acute 
angle and shall l)e curved down for ti length of 3 inches^ The condenser 
jacket ^hall bo 15 inches long. 

Thermometer. — The thermometer should be an accurate nitrogen- 
filled instrument, with a short inilb (length 10 to 15 mm., 0.39 to 0.59 
inch) and with the mark for 35° C. (95° F.) at a distance between 100 
and 120 mm. (3.94 to 4.75 inches) from the top of the bulb. The 
thermometer shoujd be scaled foi- total immersion. 
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Procedure and Details of Manipulation in Conducting Distilla- 
tions. ^ — 1. If an electric heater is used it is started first. 

2. The condenser box is filled with water containing a liberal pro- 
portion of cracked ice. 

3. The charge of gasoline is measured into the Engler flask from 
a 100 c.c. graduate. This graduate is used as a receiver for distillate 
without any drying. This procedure eliminates errors due to incorrect 
scaling of graduates and also avoids the creation of an apparent dis- 
tillation loss due to the impossibility of draining the gasoline entirely 
from the graduate. 

4. The above-mentioned graduate is placed under the lower end of 
the condenser tube so that the latter extends downward belov^ the 
top of the graduate at least 1 inch. The condenser tube should be so 
shaped and bent that the tip can touch the wall of the graduate on 
the side adjacent to the condenser box. This detail permits distillates 
to run down the side of the graduate and avoids disturbance of the 
meniscus caused by the falling of drops. The graduate is moved 
occasionally to permit the operator to ascertain that the speed of 
distillation is right, iis indicated by the rate at which drops fall. The 
proper rate is from 4 c.c. to 5 c.c. per minute, which is approximately 
two drops a second. The top of the graduate is covened, preferably 
by several thicknesses of filter paper, the condenser tube i)assing through 
a snugly fitting opening. This minimizes evaporation losses due to 
circulation of air through the graduate and also excludes any waiter 
that may drip down the outside of the condenser tube on account of 
condensation on the ice-cooled condenser box. 

5. A ^‘boiling stone (a bit of unglazed poicelain or other porous 
material) is dropped into the gasoline in the Englei’ flask. The ther- 
mometer, equipped with a well-fitted cork and with its bulb covered 
with a thin film of absorbent cotton (preferably th(‘ long-fibered variety 
sold for surgical drcs.sings), is fitted into the flask with the thermometer 
bulb just below the low’er level of the side neck opening. The flask 
is connected with the condenser tube. 

6. Heat is applied cautiously and the gasoline brought to its boil- 
ing point. In case it is desired to record the initial boiling point the 
thermometer is'^’ead when the first drop falls from the end of the con- 
denser tube into the graduate. The amount of heat is then i’^ creased 
so that the distillation proceeds at a rate of from 4 c.c. to 5 c.c. per 
minute. The thermometer is read as each of the selected percentage 
marks is reached. In case maximum boiling point or dry point (one 
definition of end point) is to be measured, the heating is continued 

» Dean, loc. cit. 
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after the flask bottom has boiled dry until the column of mercury 
reaches a maximum and then starts to recede consistently. 

7. Distillation loss is determined as follows: The condenser tube 
IS allowed to drain for at least five minutes after heat is shut off, and 
a final reading taken of the quantity of distillate collected in the re- 
ceiving graduate. The distillation fljisk is removed from the con- 
denser and thoroughly cooled as soon as it can be handled. This 
can be accom[)lishcd by using first an air bath and then immersing 
the bulb of the flask in tlui ice-wa(er mixture in the condenser trough. 
The condensed residue is j)oured into a small graduate or graduated 
test tube and its volume measured. The sum of its volume and the 
volunie collected in tJie receiving graduate, subtracted from 100 c.c., 
gives the figure for distillation loss. In case this loss exceeds 2 per 
, cent, a check distillation should be run to ascertain whether such loss 
is due to the presence of highly volatile constituents or to failure to 
condcaise the lighter fractions on account of too strong heating at the 
beginning of (he distillation. 

A constant temperature still-head for light oil fractionation recom- 
mended by F. M. Washburn ’ consists of two essential parts, namely, 
a Henqiel column and a constant tcnqxu’ature still head of the ty|)e 
suggested by F. A, Brown. ^ This still head is a spiral of about 6 inches 
diameter made from 12 feel; of | inch ii'on tube; it is surrounded by an 
oil-bath, which is provided with a stirrer and maintained at the ns 
quired temperature by a coil of resistances wire, thcrmo-regulatoi’, 
relay, etc. The lower (snd of the spiral is connected with the sid(s-tube 
of the Henipel column, while the; upix*r end is fitted with a thermometer 
pocket and a side-tube leading to an ordinary condenser. 


GASOLINE SPECIFICATIONS 

Distillation and analysis of over 800 samples, covering practically 
all types of gasoline produced and sold in the different parts of the 
United States, reveals according to the Bureau of Mines ^ that only 
26.9 per cent pass the requirements of the present specification which, 
the report says, does not conform to good refinery practice in that there 
is too much difference between the 90 per cent point and the dry 
point. Also, both these points are a little too lo^ compared to the 
other points in the specification. Rather than adopt the suggested 
plan of having two specifications, one (grade B) somewhat more rigid 

1 J. Ind. Eng. Chem. 1920, 12, 73-77; J. Chem. 8oc. 1920, Abs. 117-118, ii, 88. 

* Traas. (>hem. Soc. 1S80, 37, 49. 

® Oil Paint and Diiig Ruportor, Sept. 29, 1919, 33. 
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than the present, and one (grade R) decidedly less rigid, the Bureau 
is in favor of adopting the single specification plan known as grade M, 
which raises the 90 per cent point in distillation from 180° C. to 190 
degrees and the end point from 220 degrees to 225 degrees, thereby 
remedying the two faults referred to above as existing in the present 
specification. 

Matter of Readjustment. — It is stated in the report that tJie 
change from the present specification to grade will be more in tJie 
nature of a readjustment than a radical chang(‘, and it is estimated 
that its adoption at the present time will obviate necessity of further 
change for at least two, or possibly three, years; nor is it likely to cause 
any restriction of output for some time to come. 

The report in full follows: 

Report of Committee. — The Committee on Standardization of 
Specifications for Petroleum Products, created by order of the piesi- 
dent, dated July 31, 1918, requested the Bureau of Mines to consider 
the revision of the specification for motor gasoline, as printed on page 
9 of Bulletin No. 1 of the report of the above committee issued by 
the Fuel Administration in October, 1918. The specification is as 
follows : 

Specification for Motor Gasoline 

As Adopted bij the Committee on Standard! zoti on of Petroleum 
Specifications f October 2, 1918 

Quality. — Gasoline to be high grade, refined and free from wat el- 
and all impurities, and shall have a vapor tension not greater than 10 
pounds per sciuare inch at 1(X)° F. temperature, the same to be deter- 
mined in accordance with the current “Rules and regulations for the 
transportation of explosives and other dangerous artuJes by freight,^' 
paragraph 1824 (k), as issued by the Interstate Commerce Commission. 

Inspection and Tests 

Inspection. — Before acceptance the gasoline will be inspected. 
Samples of each lot will be taken at random. These samples imme- 
diately after drawing will be retained in a clean, absolutely tight, 
closed vessel and a sample for test taken from the mixture in vessel 
directly into the test vessel. 

Test. — One hundred cubic centimeters will be taken as a test 
sample. The apparatus and method of conducting the distillation 
test shall be that described in Bureau of Mines Technical Paper No. 166 
“ Motor Gasoline.” . 
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(а) Boiling point must not be higher than 60° C. (140° F.). 

(б) Twenty per cent of the sample must distill below 105° C. (221° F.). 

(c) Forty-five per cent must distill below 135° C. (275° F.). 

(d) Ninety per cent must distill below 180° C. (356° F.). 

(e) The end or dry point of distillation must not be higher than 
220° (I (428° F.). 

(/) Not less than 95 per cent of the licpiid will be recovered from 
the distillation. 


To Cover Federal Purchases 

This sp(‘cification was drafted to cover Federal purchases of motor 
gasolme, both for domestic and for military uses, and represent('d a 
grades equivalent to a large proportion of the motor gasoline marketed 
in tin) calendar y(\‘irs 1917 and 1918. It has in addition been included 
in several State and municipal legislative acts regulating the sale and 
quality of gasoline. The specification has recently been criticizenl as 
too i-igid for present refining and marketing practice, and it has been 
clainu'd that if all gasoliiK^ produced conforiiK'd to its requirements, 
the nation’s supply of motor fuel would be materially reduced. 

To obtain information on this subject the Bureau of Mines has 
made a survey of the gasoline marketed throughout the entire country 
and has coll(‘ct(Hl through its agents a total of over 800 samples, covering 
practically all the types of g.asolino produced and sold. Samples have 
been obtained in all the stat(\s of the country and have included the 
production of all I’efinerics of sufficient size to be of importance in the 
aggregate supply. The data collected in this survey are believed to 
b(‘ the most compr<4i('nsivc now available with regard to the grades 
and quality of motor fuel. 

The figun^s obtained through laboratory analysis of these samples 
have been studied to ascertain what proportion of the total number 
satisfied each requireiiK'iit of the spc'cification and what proportion 
satisfied all requirements. The following table shows results of this 
study : 


Present Spec fication 


First, 

drop 

Specification mark ®C GO 

Maximum distillation temperature, 

°F 140 

Per cent of samples tested satisfying 
each limit requirement 81.7 


• • 


20 % 

45% 

90% 

Dry 

105 

135 

180 

220 

221 

275 

356 

428 

89.0 

89.7 

37.2 

50. 
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The limit on the temperature below which 90 per cent of the gasoline 
distilled was the most rigid and the number of samples meeting this 
requirement was notably less than that meeting any of the other points. 
As all samples satisfying the 90 per cent requirement did not satisfy all 
other requirements, it was found that the number passing the require- 
ments for all the distillation marks was only 26.9 per cent of the total. 

Two Lines of Action Proposed * 

Two lines of action were then proposed. First, replacing the 
present specification by one (Grade M) that would allow approximately 
half the samples included in the present survey to pass, and that would 
not reduce the present supply if all gasolines were made under one 
specification. Second, drafting specifications for two grades of gaso- 
line, one (Grade B) slightly more volatile than that represented by the 
present specification, the other (Grade R) covering a notably less vola- 
tile grade. The following specifications were drafted and studied in 
the same manner as before. The following tabulation shows the 
number of samples in the series collected by the Bureau of Mines 
satisfying each limit: 


Government Standard Motor 

Gasoline. 

, Grade 

M 


Limit. 

Init. 

20% 

50 % 

90% 

Dry 

Degrees C 

. 00 

105 

140 

190 

225 

Degrees F 

.140 

221 

•284 

374 

437 

Per cent piissing limit 

. SI. 7 

89.0 

90.2 

67.8 

74.6 

Percentage pa.ssing all requirements 

. 46.0 





Government Standard Motor 

Gasoline. 

Grade 

B 


Limit. 

Init. 

20 % 

.50% 

90% 

Dry 

Degrees C 

. 60 

105 

140 

180 

215 

Degrees F 

.140 

221 

284 

356 

419 

Per cent passing limit 

. 81.7 

89.0 

90.2 

37.2 

45.7 

Percentage passing all requirements 

. 2.5.2 





Government Standard Motor 

Gasoline. 

Grade 

R 


Limit 

Init. 

20% 

.50 % 

90% 

Dry 

Degrees C 

. 65 

no 

150 

210 

235 

Degrees F 

.149 

230 

302 

410 

455 

Per cent passing b'miF 

. 90.4 

97.5 

86.2 

91.9^.. 

Tti' 89.2 

Percentage passing all requirements 

. 75.9 






Percentage Limit Changes 

• t 

In drawing up the specifications, two changes of percentage limits 
were considered : « 
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1. The 45 per cent point. It is customary in making laboratory 
distillations to read the temperature as each 10 per cent ^listills off, 
and for that reason the introduction of a requirement for 45 per cent 
means an additional reading and does not have any advantage over 
a 50 per cent requirement. Accordingly, the intermediate require- 
ment has been changed from a temperature limit below which 45 per 
cent must distill to a temperature limit below which 50 per cent must 
distill. A study of the figures obtained by the analysis of over 800 
samples shows that a requirement of 50 per cent distilling below 140° C. 
(284° F.) is equivalent to 135° C. (275° F.) for 45 per cent and the 
new specifications have been drawn up on this basis. 

2. * The initial point. Owing to difficulty in obtaining check results 
on initial, boiling points it has been suggested that this point be left 
out of the specification and as a means of controlling the content of 
highly volatile material a temperature limit be fixed below which five 
per cent must distill off. From a laboratory standpoint the five per 
cent requirement is preferable, for it is difficult for different laboratories 
and different operators to check initial boiling points. However, the 
petroleiun indflstry is familiar with initial boiling points and to specify 
a new requirement would cause considerable confusion; also, it would 
be possible for products containing high percentages of benzol to satisfy 
the requirement for tht^ five per cent point, although such products 
might have very little material boiling below 75° C. and would not be 
satisfactory for use in cold weather. 


Difficulty in Check Results 

Since the chief difficulty in getting check results in initial boiling 
point temperatures is caused by using various rates of heating, it is 
believed that standardizing the interval of time between the first 
application of heat |;o the flask and the time the first drop leaves the 
condenser, within rather narrow limits, will enable different operators 
to check initial boiling point temperatures. The standard method for 
the distillation of gasoline fixes the rate of heating after the distillation 
is started, but does not specify a definite length of time of obtaining 
the first drop, and as a result it is possible to vary ag nkuch as 5° C. on 
first-Sft^p ternperatiires, depending entirely on the rate of heating. 

The Bureau of Mines is at present conducting experiments on the 
effect of the rate of heating on the temperatures of the initial boiling 
points, and will establish a standard method of determining this point, 
placing an upper or a lower time limit on the interval between the first 
application of heat and the time the first drop leaves the condenser. 
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It is believed that when this method has been standardized a speci- 
fication requirement for an initial boiling point will be satisfactory and 
a 5 per cent requirement will not be necessary. 

Loss in Production 

The next question taken up was the actual loss in production under 
each of the four specifications, assuming that all of the high grade 
gasoline now produced be kept as at present, and all the gasolines 
below the specifications be brought up to the specification requirements. 
The following results were obtained by a study of each of the 836 analy- 
ses, and the loss of production for each sample which did not pass the 
specification in (piestion wjis determined. These losses were 1o*taled, 
and the average loss of production determined for the specification. 
On this basis. Grade B would produce a loss of production of 4.51 per 
cent, the present specification a loss of 3.54 per cent, Grade M a loss 
of production of 2.25 per cent, and Grade R a less of production of 
.56 per cent. To check these figures a sample of low-grade gasoline 
was redistilled in a Hempel still, so that the resulting distillates would 
pass each of the specifications in turn. It was found that the ealculat('(l 
figures were very close to those obtained in the laboratory. As it is 
known that refinery practice cannot equal laboratory efficiency, a 
refinery loss equal to the calculated loss was allowed. 

P>iudy of 836 Analyses 

On studying the 836 analyses it was found that the sam})les ranged 
in volatility from some that would almost [)ass the sp('cification for 
‘‘ domestic aviation ” gasoline to som(‘ that would not pass a speci- 
fication even more lenient than Grade R. This is due to three things, 
first, to variation in the crude oils, second, to variations in refinery 
methods, and third, to faulty distribution of casinghead giisoline and 
of the various gasoline fractions, .some parts of the country having an 
excess of light fractions, and others having an excess of heavy ones. 
This condition would be remedied if all gasolines could be blended to 
an uniform standard. It is commercially possible to improve refinery 
practice in this fegjard, but even under the best conditions there would 
be some gasoline that would fail to pass any rea.sonable specii^tion. 
In some cases there would be too much of the more volatile fractions, 
whereas in others there would be not enough. It is commercially 
impossible to get an entirely even distribution of all the fractions. 
If these gasolines were excluded, as would happen if the specification 
was rigidly enforced, a certain percentage of loss of^production would 
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result. This loss has been estimated as equal to the refinery loss. 
The resulting combined losses of production are as follows:^ 

Losses in Production 

Domestic production, 1918, motor gasoline, 70,000,000 barrels 

Loss, Barrels 


Grade B = 4.51 X 3 = 13.53 per cent 9,471,000 

Present grade = 3.54 x 3 = 10.62 per cent 7,434,000 

Grade iM = 2.25 X 3 = 6.75 per cent 4,725,000 

Grade R = 0.55 x 3 = LIS per cent 826,000 


In the abov(^ work it was assumetl that only the low-grade gasolines 
werc4o be chang(‘d. Obviously, if all the gasolines, both more and 
less volatile, woiv. to be brought to the specification, the losses of pro- 
duction would be less. Accordingly, the average results of all the 
836 samph's were computed, first, as a straight average, second, by 
r('fining companies, allowing each of the large companies its proper 
weight according to its output, and third, by consumption, each State 
being allowed its proper wc'ight according to the percentage of auto- 
mobik' registrations. These three av('rages follow: 

Distillation Results, 836 Sa7nples 


Straight average 

Weighted by production 

W eighted by c'^uv^'if^'pOon . . . 

First drop 
.. 51.6 
48.1 
.. ,50.6 

20% 

95.0 

95.6 

95.3 

50 % 

127.2 
128.8 

125.2 

90% 

183.2 

185.9 

184.1 

Dry 

217.0 

216.6 

215.3 

Av('rage of 3 methods 

Maximum deviation from average 

. 

. 2.0 

95.3 

.3 

127.1 

1.9 

184.4 

1.5 

216.3 

1.0 


Little Average Difference 

It will be noted that there is very little difference in these three 
averages, so that the average of th(^ three has been taken as a basis for 
computing loss(‘S or gains. Assuming that the three-method average 
represents the (piality of the gasoline sold in the United States, and 
that all samples are brought to the specification, then 

Grade B will produce a loss of 1.81 per cent. 

Pre.sent grade will produce a loss of 1.81 per cent. 

M will produce a gain of 2.30 per cent. 

Grade R will produce a gain of 10.50 per cent. 

Assuming refinery and distribution losses as before: 

Grade B = 1.81 x 3 = 5.43 per cent loss. 

Present grade = 1.81 x 3 = 5.43 per cent loss. 

Grade M = 2.30 x I = -77 per cent gain. 

Grade R = 10.50«x I = 3.50 per cent gain. 
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Specification M represents present refinery practice much more 
nearly than any of the other specifications. If all the gasolines pro- 
duced, both more and less volatile, were brought to this standard, there 
would be a net gain of ap{)roximately 1 per cent in production. How- 
ever, the present specification is stated to be such as to afford enough 
gasoline for the present needs of the United States, although the theo- 
retical loss, if this specification were rigidly adopted, would be approxi- 
mately 5 per cent. Consequently, if specification M is adopted, and the 
same ratio of refinery practice to the theoretical practice is continued, 
the gain in production would be about 6 per cent. Inasmuch as the 
present production of gasoline appears to be sufiicient at the present 
time, and allowance being made for the probable increase of production 
of high grade crude oil in the Texas field, for increased importations from 
Mexico and increased cracked gasoline, it is estimated that if speci- 
fication M is adopted at the present time no change in the specifica- 
tion will be required for at least two years, and possibly not for three 
yeai*s. 

Matter of Readjustment 

The change from the present specification to grade M will be 
more in the nature of a readjustment than a radical change. The 
present specification does not conform to good refineiy practice in that 
there is too much difference between the 90 per cent point and the 
dry point. Also, both these points are a little too low compared to the 
other points in the specification. This is very plainly brought out by 
drawing distillation curves of the present specification and of the average 
results of the 836 analyses. Raising the 90 per cent point from 180° C. to 
190° and the end point from 220° to 225°, remedies both of these faults 
and balances the specification. Consequently, if the present plan of 
a single specification is to be retained, grade “ M ” should be adopted. 
The alternative plan is to have two specifications; one somewhat more 
rigid than the present and one decidedly less rigid. These are the 
“ B ” and “ R ” grades described above. Grade “ B would be like 
the present grade, but 5 per cent lower in end point. This change 
would tend to make a better balanced specification. Grade “ RC’ 
would be less rigid all through the distillation range and would approxi- 
mate in quality a "large amount of gasoline now used and soldnrfi the 
Middle West. The arguments in favor of the two specifications plan 
are that it would allow of conservation of the higher grade material 
for military use, winter use, and other special purposes, and that it 
would allow of a large increase in the production of gasoline. Inas- 
much as there is already one high grade gasoline now^available, namely, 



71 


THE TESTING OF MOTOR FUELS- 

‘‘ domestic aviation/’ it seems necessary to specify a grade any better 
than the present grade for the special uses mentioned abovq. And, as 
already stated, the adoption of grade “ M ” is not likely to cause any 
restriction of output for some time to come. The arguments against 
the two specifications plan are that it adds confusion to the gasoline 
market, and that a number of dealers would find it necessary to carry 
two grades, with consequent increase of storage capacity. Considering 
the itiatter from all sides, the Bureau of Mines is in favor of adopting 
the single specification plan (grade “ M ”). 


Lack of Uniformity 

In conclusion one thing more can be said. There is at present a 
. great lack of uniformity in refining and marketing practice iis regards 
(juality. This is evident from a study of the figures presented. For 
instance, only 46 per cent of the samples tt‘sted passed the ‘‘ M ” 
specification at all points, and yet if this specification was rigidly en- 
forced and all the motor gasoline produced in the United States was 
blended into a uniform product, it would be well under all the limits. 
This shows that the 46 per cent of samples that [)assed are enough 
more volatile than the specification to more than balance the 54 per 
cent that are less volatile, and a detailed study of the individual samples 
confirms this. 

This situation should be corrected. If the gasolines of the United 
States are made more nearly uniform, the convsumer can get greater 
economy in actual use, and thus tend to conserve the available supply, 
and the use of one specification more rigidly enforced would be one 
method of accomplishing this result. 



CHAPTER III 


REFINERY PRACTICE 

I. The Treatment of Paraflln and Semi-Paraflan Crudes • 

The production of gasoline from petroleum is a subject that has 
engaged the attention of thousands of highly traiiu'd specialists ever 
since gasoline came into prominence in connection with the internal 
combustion engine. Practically every phase of the subject has* been 
probed in attempts to find various ways and means for recovery of the 
light hydrocarbons naturally present in tlu' crude petroleum and for 
the breaking down of th(' heavier hydrocarbons exce])t those which are 
in themselves in as much or greater demand than gasoline and which it 
is not economical to decompose. Some of the methods for accomplish- 
ing the same end differ largely in detail rather than in priinaple; other 
methods differ considerably among themselves in princi])le as well as 
in the details of execution. As will be furthei’ dc'sciibed m the follow- 
ing chapters a large number of methods both for ordinary distilling, as 
well as for heat decomposition or cracking, involve passing pcdroleum 
or its fractions through special reaction chambeis which often involve 
tubes or retorts or a combination of tlu' two avoiding as much as possible 
the use of large containers for the oil which is being distilled or decom- 
posed. There are, it may be said, at least two large classc's into which 
may be divided methods for separating petroleum into its fractions and 
for decomposing some of the heavier fiactions to yield lighter oils, 
namely tube and still processes. In this count ly, at least, the still 
processes predominate very largely. 

The demand for gasoliiK' has long since exceedinl the available 
natural supply contained in the crude oil and an important jiart of 
refineiy practice at the present time consists in augmenting the natural 
supply of light hydrocarbons by processes of decomposing the heavier 
oils by heat treatment and thereby obtaining increased quantities of 
motor fuel. >%evfrtheless the separation of the light hydrocarbons 
naturally contained in the crude oil still retains a very large im- 
portant position in refinery practice. This phase of the subject may 
therefore logically be taken up first. 

In this branch, refinery engineering has resulted in many important 
improvements over the crude processes which were in vogue years 
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ago. It has always been a rather difficult problem to recover from the 
crude oil the hydrocarbons which are desired in the condition and pro- 
portions as they exist in the natural petroleum. This is due of course 
to the fact that there is an almost imperceptible gradient in properties, 
as regards any series of hydrocarbons, as we pass from the lower mcm- 
])crs to the higher members of that series. Indeed it is not known 
to the authors that any fraction of petroleum has ever been separatinl 
on a targe scale into its ultimate fractions. This gradation is especially 
the case with the higher boiling bodies. The endeavor has always 
been so to conduct the distillation as to avoid in any fraction the prescaice 
of hydrocarbons whose properties place them in the fraction n(‘xt 
higher or next lower. Neverthek'ss it appears almost impossible as 
the operation is carried out at the present time to effect this object 

• in a single, distillation. The contemporary methods for separating 
crude petroleum into those parts which are demanded hy the oil trad(^ 
(and which are not at all ultimate s('parations) takes place today rather 
by fractional condensation than by fractional distillation although the 
result is really a combination of tlu' two effects. That is, the practice 
is to vaporize as large an amount of oil as possible in as short a time 
as is pra(;tic;d, |)ass the vapors through large air condensers, where, 
by means of tubular coolers, a large surface is exposed to the cooling 
action of the air and to colk'ct condensates of varying gravities at, 
different parts of the air condensers, whose cooling and separating action 
is supplementc'd by water cooled (U)ndensers. This method is the result 
of a series of (efforts extending through a long period of time to effect 
in one distillation as nearly complete as possible a separation of the 
fractions of the crude oil in such a way that these fractions will require 
as small an amount of redistillation as possible. It is also the n'sult of 
a demand for large outputs within as short a space of time as possible, 
and as carried into effect today serves this purpose, at least to a larg(* 

• extent. It is a very important improvement over older methods but, 
nevertheless, it must be said it is only a very crude separation and 
has to be supplemented by subsecpient operations. 

The essential features of a crude oil distillation may therefore be 
considered to be the action of the fractionating air condensers, or 
“ towers ’’ as they are called in refineries. * • 

T*^uughout refinery practice it is interesting to note how often 
the analogy crops out between water and steam boilers, on the one 
hand, and on the other hand the stills, condensers and heat exchangers 
in the petroleum distillation industry. The units of the air condensers 
just mentioned suggest very much fire tube boilers. According to one 
“ school of refirlbry practice, four towers are usually employed in 
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connection with a single one thousand barrel crude still and each tower 
is made up of several, say three, superimposed and vertically connected 

(in series) condensing units. Figure 10 
shows the details of one of these units ^ and 
Fig. 11 shows three of these units connected 
together vertically, thus forming a tower. 
Each unit (Fig. 10) consists of a series of 
tubes A secured in head plates B and C. 
A casing D surrounds the tub(\s and has 
openings E and F (Fig. 11) in order to 
allow currents of air to circulate around the 
tubes. Between the units D a flanged ring 
1 Irll in m I'C charnlx'r G is interposed. This chamber 
f JJi iiL contains a trough II which collects the con- 

densate from the tubes and delivers it to 
water cooled condensers (Fig. 12) through 
a drain or spout K (Fig. 10). 

With the arrangement of tubes 
troughs shown 
in Figs. 10 and 
11 the under- 
side of each 
condensate receiving pan or trough acts as a 
baffle plate for the vapor passing upwardly 
through the tubes of the condensing unit 
just below the pan. Practice may vary as 
to whether the vapors enter at the top and 
leave through^the bottom but it is considered 
better to have the vapors rise through the 
tower than vice versa. In Figs. 10 and 11 
the tubes are shown as restricted by spiral 
baffles but this is not done in practice. In 
Fig. 12 is shown a diagrammatic assembly of 
a one thousand barrel crude still with four 
towers, each tower, excepting No. 4, made 
up of three units pr separations as they 
sometimes are called. No. 4 tower consists 
as shown of a single set of long condensing 
tubes. This construction in the fourth or 
last tower of the series is intended to con- 
dense as large a proportion as possible of the vapors before they finally 
* J. L. Gray, U. S. Patent 1,192,889, August 1, 1916. 


Fig. 10. — Detail of tower sec- 
tion, vertical tyj)c. 





Fig. 11, — Diagram showing 
method of construction of 
vertical tower. 




No 2 No 3 • No 4 

To iver Tower Tower 
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pass from the top of No. 4 tower into the water cooled condenser con- 
nected with it. In Fig. 12 each condensate receiving trougli designated 
as a, b, Cj d, etc., is connected to four headers or delivery pipes one of 
which is termed the ‘‘ run back ” or “ go back,'' and condensate wliich 
is delivered into this header is returned or refluxed back into the still. 
The other three delivery pipes lead to separate water cooled condensers 
and they are termed “ light," intermediate " and heavy " headers, 
respectively. Hence, condensate from each conckaising unit falling into 
the trough located immediately beneath it may be direct’d by means 
of suitably arranged valves either back into the still for redistillation 
or through any of the hc'aders just mentioned and by way of these 
headers into water cooled condensers and finally into the tail house. 
As shown in Fig. 12, the top of the fourth or last tower in the series is 
connected to the light header by means of a pipe 1\ This pipe is open 
at all times. The water cooled condensers are usuall}^ located beneath 
the “ towers." The towers " shown in Fig. 12 are ('itlu'r round or 
sciuare in cross section, th(‘ casing suiTounding the tubes on each con- 
densing unit being provided A\itli ratlu'r large openings which may be 
closed or opened by means of swinging shutters in oidca* to admit cur- 
rents of cold air or to insulate the tubes more or less as the cas(‘ may be. 

In operating on a paraffin or semi-paraffin crud(‘ oil it aids in secur- 
ing a more perfect separation to operate the “ go back," that is, to 
reflux the fractions to a considerable extent. This involves a certain 
amount of cracking and aids in the subsequent extraction of wax from 
the wax distillate. In coking an asphaltic crude oil, however, veiy 
little refluxing is permitted because an asphaltic oil is so sensitive that 
any considerable amount of refluxing would result in the jiroduction of 
too much coke. With paraffin and semi-paraffin crudes, the first four 
condensing units, that is all the units in tower No. 1 and one unit No. 4 
in tower No. 2 are constantly refluxing or delivering into tlie “ go 
back " during a large part of the distillation, particularly when heavy 
naphtha and burning oil are being produced, that is, until the paraffin 
or wax distillate begins to come over. Let us suppose that one thou- 
sand barrels of Illinois crude are being coked in a tower still. Up to 
the time the distillate is turned into the gum line," ' that is wdien 
the gravity of +h<? stream which is going through the “ heavy " header 
reaches about 11.7°B6. gravity, the operation will have consumed say 
forty-five hours. During approximately the first half of this time the 
products which are running into the tail house have been light naphtha, 
heavy naphtha, and the burning oils, c.g,, ‘‘ water white," standard 
white " and so on. Heavier ‘‘ lubricating " oils have been distilling 

1 See Fig. 12. 
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but they have been refluxed back to the still owinp; to the fact that the 
first four condensing units are delivering into the go back.’^ During 
{)art of this time condensing units 5 to 10 inclusive (sec h^ig. 12) are 
‘delivering tlieir condensates into the intermediate header. At first 
this intermediate stream delivers heavy naphtha and later on burning 
oil. During the whole of this time (the first half of the distillation 
period) and in fact during the whole of the distillation, vapors are 
(lassing from the top of No. 4 tower and delivering into the ‘‘ light ” 
header. At first this stn^am delivers light naphtha and then toward 
the end of the first half of the distillation period the light stream, con- 
stituted of vapors not condensed in No. 4 tower, is delivering burning 
oil (c.g., standai’d white). Now as the end of the first half of the dis- 
tillation period approaches, more and mon^ of the condensing units are 
arranged to deliver into the go back and a gradually decreasing 
number are iKU'initted to deliver their contents to the tail house. 

Hence the streams flowing into th(^ tail hous(‘ gradually diminish 
in volume until at the close of the first half of the distillation period 
the whole system of towers is n^fluxing. At this time there is only 
one stream running from the water cooled condensers, namely, the 
material not condensial in No. 4 tower and this stri'am now delivers 
burning oil. There remains in the still, owing to the refluxing just 
d(‘S(!iibed, practictdly all the paraffin (lubricant and wax yielding) dis- 
tillate's, together with gas oil and including a small percentage of coke- 
yielding oils and wax tailings. 

The method of bringing over the paraffin distillate consists in first 
adjusting the valves which control the flow of condensate from the 
fiist condensing unit, that is from the first trough or j)an (the one 
iK'arest tlu' (k'live'iy end of the vapor line from the still) so that the 
condensate flows into the tail house from this condensing unit through 
the heavy header instead of refluxing back to the still. Then 
^ gradually tlu*. otlu'r units are made to deliver their streams also to the 
* tail house, mostly through the intermediate ’’ header. During the 
latter half of the total distillation pc'riod three streams are running to 
the tail house, a “ heavy ’’ stream from the first or first three or four 
condensing units, a ‘‘ light ’’ stream from the top of No. 4 tower and 
intermediate streams fi’om the remainder of the ^cojdensing units. 
During this time both the intermediate and heavy streams consist of 
[laraffin distillate. At the same time that paraffin distillate is being 
delivered by ten of the receiving troughs, “ gas oil ” is being delivered 
from the top of No. 4 tower, that is, it is constituted of vapors which 
are not condensed in any of the contlensing units. It contains fractions 
identical in gravitj^ with those of the burning oil distillate produced 
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during an earlier period of the distillation. The gas oil, however, comes 
over as mentioned at the same time that the paraffin distillate appears. 
The hydrocarbons composing this gas oil have obviously been exposed 
for a longer time and to a higher temperature than the hydrocarbons 
composing the burning oil crude fractions. Subsequently the gas oil 
distillate is worked up to obtain gas naphtha,’^ burning oil, and light 
and heavy gas oil. The tank gravity of the gas oil produced by the 
distillation of the crude is about 40*^ to 41° Bd. (All light naphtha 
produced by re-running gas oils is termed gas naphtha.” Gas naphtha 
is also the term more recently applied to the light naphtha obtained 
by re-running the light distillate ” from pressure stills.) 

The residue from working up gas oil produced in the crude ^distil- 
lation, to obtain naphtha and burning oil, constitutes part of the charg- 
ing stock put into tube stills or shell stills for cracking to make gas . 
naphtha. This will be considered later. The gas oil referred to above 
is only one of the several grades of oils classed in the refinery as “ gas 
oil.” Gas oils are very extensively used for cracking purposes. They 
arc also used to carburet water-gas from which function their name 
is derived and in this treatment they are decomposed to a profound 
extent yielding ethane, propane, ethylene, propylene, benzol, toluol, 
methane, hydrogen and other hydrocarbons. 

The above description has been limited to the complete distillation 
of a typical semi-paraffin crude oil in a single or batch ‘‘ tower ” still. 
As a matter of fact these tower stills arc built in series or batteries and 
are connected in such a way that they may be operated continuously, 
that is crude oil may be pumped into the first still in the battery and 
residuum pumped out of the last still. Any individual still in the 
battery may be cut out of this continuous system at will and operated 
as a batch still as occasion demands. For example gas oil is very com- 
monly re-run through these tower stills continuously and distilled by 
direct fire. This separates the material into light or ‘‘overhead” 
stock consisting of gas naphtha, burning oil and light gas oil, and 
produces a residue of heavy gas oil. It is also quite common to 
operate the tower stills continuously to produce reduced crude.” 
Suppose a battery of five towTr stills, for example, is used to make re- 
duced crude, ^r the purpose of skimming off naphtha, burning oil and 
gas oil and obtaining a residue consisting largely of lubricant and wax 
yielding fractions. The “ go back ” on the first four stills might ad- 
vantageously, in this case, be operated in order to effect a better separa- 
tion of the naphthas and burning oils but the last still in the series 
should not reflux at all under these conditions, in order to eliminate 
everything except the lubricant and wax yielding* fractions. In such 
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a battery of five stills for producing reduced crude, the first group 
would produce continuously light and heavy naphtha, the next group 
various giades of burning oil and the last still would produce heavy 
burning oil and gas oil. (The method of connecting up stills to operate 
continuously will be described and illustrated in connection with the 
steam refining of gas naphtha.) 

Figure 13 shows a form of an aerial condenser and tower which is 
considerc'd by some to have advantages over the vertical square or 
cylindrical tower. Here again the analogy with the steam boiler is 
apparc'iit since the condensing unit is in effect a tube boiler. Each tower 
consists of several supc'rimposcd horizontal cylindrical shells traversi'd 
longitudinally by a number of tubes. The oil vapors pass through the 
slu^ll and are subjected to cooling and condensing action on the surface's 
of the tubes. The condensing shells or units an' connected togethc'r by 
passageways as shown at (' in Fig. 13 and condensate which collects 
on the bottom of the shell may be proven U'd fi'om flowing back into 
the next lower shell by means of a lip as shown at B. As in the case of 
the older square towers, ('ach (;ond('nsing unit or shell is coniiectc'd 
through drain pipe's ^ as shown at A with each of foui* ht'aders, the 
go back,’’ heavy,” ” intermediate ” and “ light ” headers. It is 
easy to see one advantage of this form of tower over the older type's of 
sepiarc tower, inasmuch as all parts of these cylindrieail conelensing 
units are easily acce'ssible anel may be e'asily repaireel. dlie to]) of 
the ast condensing unit in the se'ries is as usual connected with the 
light he'ader. 

As an example of the yields of the various fraetions from a enuh' distillation of a 
semi-paraffin od the yields from the distillation of an Illinois crude di'scribcd some- 
what in detail above are {^iven: 


Li^ht Naphtha .... 

. .blF~G.rBe. 

12 

per een 

Heavy Naphtha .... 

. . . .j:P-r)4° Be. 

12 

<< u 

Burning Oil .... . . . . 

12"-17Mle. 

V) 

tt 11 

( las Oil 

40°-41°Be. 

21 

il il 

Paraffin Distillate 

. . . 29E-30" Be. 

2S 

a It 

Slop Paraffin Distillate . 

20" B6. 

6 

(( ti 

Wax Tailings and Ookc . . . , 


3 


Loss 


2 

it i( 


All the crude fractions with the exception of the paraffin distillate, 
wax tailings and coke are sources of light naphtha. Heavy naphtha, 
for example, on re-running in steam stills yields light naphtha and a 
residue which may be used to augment the burning oil fraction. Treated 
burning oil, similarly, when steam refined to raise its hash and fire 
^ These drain pipes are often termed “ run-c^^wn lines.” 
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tost, yields some heavy naphtha and a residue of “ fire test burning oil.’^ 
It has already been mentioned that gas oil produced by tlje distilla- 
tion of the vA'wdi), when re-run, yields gas naphtha as one of the products. 
Hence, in ord('r partially to reproduce the fractions of petroleum as 
they supposedly exist in the crude oil it is necessary after the ci’ude 
distillation constantly to rework these fractions, that is redistill, in 
Older to extract from them those hydrocarbons which belong in the 
iK'xt Power and next higher boiling fractions. This constant reworking 
r(‘(juir(\s a large amount of heat, in addition to the heat required in the 
distillation of the crude, and so a considerable part of the ingenuity 
and ex[)erience possessed by oil refiners and enginec'rs is directed to 
the ccyiservation of heat. Heat exchangers or ('conomizers ani there- 
fore in extemsive application in rcfiiKTies and it is one of the advan- 
• tagi's of the continuous methods of distillation that they permit the 
conv('ni('nt use of heat exchanging devices. This is true in the case 
of all continuous distillations which tak(‘ place whether it is a ques- 
tion of r(‘ducing crude oil, re-running h(\avy naphtha, raising the 
fire t('st of burning oils or re-running gas oil. The best practice ad- 
visc's wherev('r {)ossible conducting these' operations in a batb'iy of 
continuous stills and utilizing heat exchangers wherever possible. A 
typical exanipki of the application of heat ('xchangers to a battery of 
steam stills as well as the method of connecting stills so that they operate 
continuously (whetlu'r ste'am or fire stills) will be taken up in connec- 
tion with the re-running of blended gas mqditha to jnoduce commercial 
motor fuel 

Following the separation of the crude oil into the fractions which 
are in demand by the oil trade, chemical ti’eatment must b(' lesorted 
to in order to put the oils in an acceptable and utilizable condition. 
For well knowm j'easons sul])hur compounds and a consid('rable portion 
of tLe unsaturated hydiocarbons in the crude fi’actions must b(‘ removed. 
•Tlie desulphurization of na[)litha and burning oil is sometimes more 
troubk'soiiK; tlian th(^ ordinary treatnu'iit for removing unsaturated hy- 
drocai’bons. The latter calls for treatment with sulphuric acid of suit- 
able strength, usually at the ordinary or even lower temperatures, 
while dt'sulphurization in the case of the refractory sulphur compounds 
which occui* in very sour oils require chemical 1^-e»tmcnt with a 
special desulphurizing agent, usually a foi'in of copper oxide knowm in 
the refineries as copper compound.” This statement has particular 
refercn(!e to the sour oils which formerly were obtained in large quantities 
near Lima, Ohio. The output of these sour crudes has greatly de- 
creased in recent years, with the result that the copper oxide treatment 
is not now of such «iniportance as formerly. The general practice for 
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removing sulphur at the present time consists in treatment with sul- 
phuric aqid followed by sodium plumbite, and it is believed by some 


To Conefenstr 



in the oil. 


that of these two reagents, the sulphuric acid exerts the more pro- 
nounced action. The sulphur compounds in oils have been the subject 
of considerable investigation and the form in which these sulphur 
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compounds occur in oils from various localities has been at least partly 
determined in a number of cases. Oils from which the sulpl^ur can be 
removed by means of sulphuric acid and sodium plumbite are sometimes 
called semi-sour oils, whereas those, the sulphur compounds of which 
are not largely removed in this way are characterized as “ sour.” So- 
dium plumbite is referred to in the refineries as the “ doctor ” and it 
is prepared by saturating ” strong caustic soda solution with litharge 
(lead ^nonoxide). 

When treating a distillate with sodium plumbite, pretreatment 
with sulphuric acid is advisable but not always necessary. The ‘‘ doc- 
tor” treatment consists in agitating the distillate with sodium plumbite. 
After fettling and drawing off the doctor ” solution, flowers of sul- 
phur are added and agitation resumed. The sulphur decomposes excess 
•plumbite with the formation of lead sulphide which settles out. A 
final water wash completes the doctor ” treatment. 

The cracking of gas oils to produce gas naphtha is conducted to 
such a large extent at the present time that gasoline produced from this 
source constitutes an important part of naphtha and the motor fuel of 
commerce. Although the best cracking processes produce a gas 
naphtha with a minimum percentage of unsaturated hydrocarbons, 
nevertheless this synthetic gasoline, as it may be called, always pos- 
sesses a higher unsaturated value than that which is produced by the 
straight distillation of the paraffin and semi-f)araffin crudes. It is 
desirable therefore in utilizing gjis naphtha produced by cracking 
processes to blend it with so much of the straight distilled product 
that the resultant material will, after treatment with acid and steam 
distillation, yield a product free from objectionable features when used 
for motor fuel and other purpose's. This blending is carried out in such 
a way that the gravity of the blend will (after treatment with acid, 
say two and three-quarters to three and a quarter carboys of the 
•acid ^ to one hundred barrels of naphtha) be about 58° to 59° B4., 
58J° B6. being a typical value. The treatment with acid is possibly 
most economically carried out on a large scale in continuous treaters 
instead of in the older type of agitator. There may be discussion as to 
just how much economy is effected in this way but at any rate continu- 
ous treating occupies a place in the refining of lighj r^phtha. It is 
not applied to heavy naphtha or burning oil. The term continuous 
treating may be regarded by some in part at least as a misnomer. It 
might be supposed from the word continuous that the treatment con- 
sisted in uninterruptedly washing a stream of naphtha going in one 

* Sulphuric acid of 66® B6. commonly is used, but somewhat weaker acid is 
now recommended in ^der to reduce refining losses. 
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direction by a stream of acid com- 
ing in a counter current direction. 
This however is not strictly the case. 
The treatment consists, so far as the 
acid is concerned, in pumping tiie 
naphtha through an upright rylindri- 
cal shell which is partly filled with 
sulphuric acid. The naphtha entcas 
at the bottom of the shell, passes up 
through the acid, collects on top of the 
acid and fills the shell and then flows 
into the next tank. As shown,in the 
diagrammatic sketch (Fig. 15), while 
the naphtha is passing through th(‘ * 
acid mixing tank or shell a circulating 
inimp withdraws acid from the bot- 
tom of theslu'll and spi'aysit into the 
upper part of the sIk'II fiom wluaicc' 
it rains in streams through the as- 
cending body of naphtha. A given 
(piantity of acid is first chargcal into 
th(‘ acid mixing shell and when a 
(plant ity of naphtha haslxaai j^umped 
through that shell in the propoi’tion 
of one hundnxl barrels of naphtha to 
from two and thnxMiuarti'rs to thr(‘e 
and one-fpiarter carboys of bb" Tie. 
sulphuric acid, the treatnumt, that is 
the pumping of the naphtha and the 
circulating of the acid, is stoppi'd, 
the acid sludge di’awn off and n (pian-i 
tity of fivsh acid added bidoie treat- 
numt is resumed. In this inspect 
therefore th(‘ jinjccss is discontinuous. 
Th(^ pumping is cairied on slowly 
emmgh so as to insun' that the naph- 
tha will be thoroughly acti^l uj)on by 
the acid. The construction of the 
acid mixing shell is exti’cmely simple. 
Nevertheless it, togethiT with th(‘ 
other parts of the continuous treat (ts, 
has been evolvefl only after many 
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years of experimenting. Following the acid mixing tank the naphtha 
passes through an empty shell where particles of acid carried over from 
the mixer have an opportunity to settle. Two water washing tanks, 
('ach like the other, then follow in the scries. They contain water 
to' about one-third of their depth which is kept in a fresh condition by 
a constant supply of fresh water through a spray in the upper part of 
the shell, while the acid washings arc constantly drained off through 
a piph at the bottom of the shell which delivers into a sight feed as 
shown at S (Fig. 15). A moisture settling tank then follows and next 
the soda mixing tank (which is operated in all respects like the acid 
mixing tank), nt'xt a soda settling tank and finally two water washing 
tanks^or slu^lls follow. The naphtha after passing through the last 
tank ill this series of continuous treabu'S passes to storage tanks before 

• being submitb'd to a stc^am distillation. 

As previously numtioned gas naphtha resulting from the crack- 
ing of gas oil in pn'ssurc stills is blended with straight distilled naphtha 
in such pi’oportions that the gravity of the mixtun^ after chemical treat- 
ment, as described above, is in the neighborhood of 58° to 60° Be. This 
is the material whi(;h yii^lds commercial gasoline aftia* treatment in 
steam stills. St('!im distillation is most economically carried out on a 
hirge scale by nuMins of continuous steam stills which may be operated 
ill a flattery of five as shown in Fig. 16. The stills in this battery are 
coniK'cted togchlu'r at oik* end by a h(\ader (P, Fig. 16). From this header 
branch pipes (‘liter each still (as shown at Q, Fig. 16) in such a way that 
oil flows from the (‘iid of oik^ still through the header P and into the 
farth(‘r end of the iK'xt succc'eding still in the battery. That is to 
say of the two branch pip(‘S which enter each still ((‘xcept the first 
still ill the s(‘ries) one of tlu'se bram^h pip('s (as shown by Ah, Ah, Ah 
and Ah, Fig. 16) (‘xteiids the full length of the still whereas the other 
merely ('uti'is a sliort distance inside the still. The longer of the two 

• pipes is the one which conducts tli(‘ oil into the still and th(‘ shorter 
is the mie through which the oil flows out of the still. These branch 
pipes (‘nt(a’ at the sanu^ level on all the stills. jMoix'over each still is 
provid(‘d with an oil cooled reflux condensiT which also acts as a heat 
interchanger, through which vapors pass before entering the water 
cooled conch'nser. The first still in the battery has, in addition, a large 
dephlegmating tower (C, Fig. 16). The distillate from the first still 
therefore passes first through this dephlegmating tower C, which is 
packed with bits of brick, stone or other ceramic ware, then through 
the oil cooled condenser Hi and finally through a water cooled con- 
denser. Treated and blended gas naphtha comes from storage tanks, is 
pumped through t^he heat exchangers or oil cooled reflux condensers 
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Hi, Hi, Hi, Hi, Hi, then through a large heat exchanger B (where it 
is heated by the residue of gas oil which is being continuously pumped 
from still No. 5), and is then pumped back in the direction shown by 
Ihc arrows to still No. 1 and enters this still at the top of the dephlegmat- 
iug tower C. Before entering the still itself the naphtha is further 
heatedyby the hot vapors and condensates in the tower C. Providing 
the graVity of the gas naphtha which is being pumped through the 



Fif?. 17. — Detail of steam still showing heating arrangements. 


various boat exchangers is about 58^*^ Be. the still No. 1 will continu- 
ously yield light naphtha of gravity 69 to 70. Still No. 2 will yield 
naphtha of gravity say 59.1, still No. 3, naphtha of a gravity of about 
55.1, still No. 4, naphtha of a gravity of approximately 52.5 and still 
No. 5, naphtha of a gravity of about 49.8. The residue which is con- 
tinuously pumped from still No. 5 will in this case be approximately 
a 37° Be. gas oil. By the arrangement shown in Fig. 16 it is seen that 
a considerable amount of heat economy is effected. Besides the header 
which connects the stills at the ends of the same for a gontinuous flow 
from one still to the other, there is also a header which extends along 
the top of the stills and which equalizes the pressure in each still and 
makes for more uniform distillation; that is, any undue pressure in 
one still is immediately minimized by distribution through the other 
stills in the battery. A somewhat more detailed diagrammatic view of 
a single steam stilltis shown in Fig. 17. The upper view shows an eleva- 



88 


MOTOR FUELS 


tion and the lower view a plan. As shown in Fig. 17, there is a vertical 
partition 4 situated at about the middle section of the still which has 
an opening at the bottom to permit free transfer of liquid from the one 
portion of the still to the other. Steam coils C, D, E and F lie on either 
side of this partition and are controlled by valves situated at the one eikl 
of the still as shown (Fig. 17). The portion of the still near(\st t^i Where 
the steam enters the coils is naturally somewhat hotter than the parts 
of the still farthest from where the steam enters owing to cdndensiltion. 
This gives rise to a certain amount of convection -b.^iide the still and it 
has boon found that this convection is aided by the presence of the par- 
tition A ; hence in this way a more uniform vaporization takes place. 
Older types of steam stills whether continuous or not are provided^ with 
some such means as this to enable the maintenance of uniform condi- 
tions of heat inside the still. Tn each of th(‘ coils, C, D, E and F shown ■ 
in Fig. 17 there are about five hundred feet of two-inch ]M])e. Steam 
traps on the bottom of the still collect the condensate from the coils. ^ 

Distillation by Means of Perforated Steam Coils. - - Present pi ac- 
tice for the production of finished gasoline from naptha by steam 
distillation favors simply treatment by blowing steam tlirough the 
naptha and condensing the distillate. This does not ie()uire the use 
of the heating (;oils sh{)wu above. In other words, aecoiding to pres- 
ent practice, the treated naptha is charged into a still provided with 
perforated steam coils and steam is blown through the naptha to dis- 
till gasoline. 

Cracking Heavy Oils in Pressure Stills. — Of the immense number 
of processes which have been proposed and tried for the purpose of 
decomposing heavy by-product oils into naphtha, those methods which 
are based upon the distillation and cond(‘nsation under pressure are 


^Navy Specifications for Gasoline 

There art. two Navy specifirations, the old and now, in aceordanoo with which 
most of the larger refiners have made and are still making their products conform, 
approximately at least. The new Navy speciftcaticn is more liberal than the old 
one and consequently there is a tendency toward the use of the former. The War 
Department has also adoi)ted the new specification as a standard for its rt'quirements 
for motor ga.soline. 


Olxl Namf Specification 
Initial Boiling Point 140° F. (00° C.) 
20% off below 221° F. (105° C.) 

45% off below 275° F. (i:55° C.) 

90% off below 356° F. (1H0° C.) 

95% off below 428° F. (220° C.) 

95% of the liquid recovered from the 
distillation of 100 cubic centimeters 


Neic Navy Specifications 
Initial Boiling Point, 140° F. (60° C.) 
20°% off at 221 F. (105° C.) 

50% off at 284° F (140° 0.) 

90% off at 374° F. (190° C.) 

Dry Point 437° F. (225° C.) 

95% must be recovered. 
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in most extended use today. These methods also include the combina- 
tion of oil circulating tul)es in series with the still itself. Jn fact the 
combination of the still with circulating tubes combined with con- 
densation of the distillates under pressure is the method which is 
Idbked upon with most favor at the present time. The Burton process 
is a'^'t^ical example of distillation and condensation under pressure. 
When processes were first put into practice, she'll stilus were em- 
ploy(?d, wln^i^re described in the chapter on the Burton Process and 
consist e\ssentian>«» ftL a^s imnle shell ce)nnecteel with an inclined vapor 
line and then with the water cooleel condenser. One of the difficulties 
with this type of still was the accumulation e)f carbon eleposits upon 
the' Ijpttom of the shell which leel to not infrequent periods when the 
apparatus had to be^ put out of service in oreler to be cleaned or repaired. 

. Accielents were not uncommon and arc not uncommon today owing 
to this accumulation e)f carbon anel consexpient burning out of the 
bottom e)f the she'd. Of late years these simple shell stills have been 
supe'rsedi'd considerably by what are known as tube stills which are 
very similar in appearances to an oi’dinary water tube boiler. The 
advantage lies partly in the fact that it is the tu))es which receive the 
most, intense heat and owing to (convection currents, oil is constantly 
circulating through these tulxss. This circulation presvemts in a large 
measure the de'position of coke or carlson and this is true' especially 
of the bottom of thee drum or superiniposexl shell. With the old type of 
shell stills it is necessary to send men into the still at thes close of a run or 
series of runs, in order to clean out the carbon, and in some plants it has 
been found difficult to obtain the labor necessary. The eanployment of 
the' tube still, whiech was decve'lope'd by Clark, obviates this labor dif- 
ficulty to a consid(cral:)l(c e'xtent. inasmuch as the' circulation of hot oil 
through the tubes exerts a scouring action and tends to prevent carbon 
deposit. The use of this type of still probably involves a greate'r fire' 
, risk than stills of more simple construction. When overheated or 
worn too thin, the bottom of a plain pressure still will bulge and thus 
give warning of impending trejuble. A tubular heating auxiliary, how- 
ever, cannot be so readily insjx'cte'd. When a tube burns out the de- 
fect is not observed until the oil pours into the fire and with a pressuie' 
of 75 poiuids per square inch, or higher, thousands oj gjillons of super- 
heated oil can discharge into the fire box in a very brief space of time. 
Burning oil running out of the fire bc^x is likely to set fire to overhead 
construction and cause considerable damage. Hence great pains aie 
taken to arrange the overhead construction in such a way that a tube 
blow-out will cause a minimum of damage. The improvement in 
refinery practice with respect to the operation of pressure stills has 
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To Storage Tanks^Z^ then to ~ 

fh e " Rerun' Sf it 

Arrangement of still, condensers, receiver, meters and connections incident to the operation of a tubeVressure still. 
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seen a very considerable amount of growth in the past half dozen years. 
The reader is referred to the chapter on the Burton Process and the 
chapter on Distillation Under Pressure for a more detailcd*account of 
this evolution. In the present chapter it is attempted merely to give 
wpat is believed to be a resume of typical present day practice. The 
desCHption is therefore confined to the method of assembly and opera- 
tion of ^^attery of so-called “ tube stills and accessory apparatus. 

BefeniSj^o Figs. 18 and 19, each still in the battery is provided with 
an inclined v^r line or lines which consist of two large pipes located 



Fig. 19. — Air condenser or “radiator” with inclined vapor pipes (“run backs”). 


in the same inclined plane and called ‘‘ run backs.’’ As shown to better 
advantage in Fig. 19 these run backs are connected to the lower header 
of an air reflux-condenser called “ radiator.” This “ radiator ” con- 
sists of two large headers located in the same vertical plane and con- 
^ nected together by a series of heat radiating tubes, each series of tubes 
being in the form of a grid. The method of cracking gas oils by distilla- 
tion under pressure is not a rapid process nor are the gas oils by any 
means quantitatively decomposed into hydrocarbons within the range 
of gasoline. A considerable amount of cracking takes place which goes 
only as far as to produce hydrocarbons of the burning oil group. It is 
partly the function of the aerial condenser to condense and return to 
the still those fractions which it is desired to avoid being carried over 
into the tail house. There is also a certain amount of uncracked heavy 
oil which tends to pass along with the lighter vapors and whose separa- 
tion from these lighter vapors is aided by the aerial condenser. From 
the end of the toppiost header on this condenser a line in some cases 
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provided with a valve, V 2 , leads to the water condenser. This valve, 
V 2 , is sometimes used in building up pressure in the still although 
more recent practice effects the same object by valves located in the 
tail house, as will be described later. Another valve Fi in a branch pi^^ 
as shown in Fig. 19 is used through which to distill off water wh«^‘n 



Fig 20. — Portion of interior of tail house, showing receiving drums and accessories. 

the still is first fired up. Between the aerial condensta* and water 
cooled condenser there is interi)osed a small heat exchangta* as shown 
in Fig. 18 through which it is often customary to pump the charging 
stock during operation. This heat exchanger is only a small affaiiV 
^ Another method, and one which is in use at the present time, dues not em- 
ploy the air condenser or radiator in the manner shown but uses a heat exchanger 
to cool and dephlegmate the vapors directly as they come from the still. This 
latter method was developed by Hopkins. (See also A. S. Hopkins, in the chapter 
on the Burton Process.) 
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say about four feet long. The vapors pass through the tubes in this 
exchanger whereas the charging stock passes through the shell in a 
direction counter-current to that of the vapors. From the ‘aerial con- 
denser the vapors pass through the heat exchanger and water cooled 
cVdeiiser and a running line (without passing through any valvt^s) 
toMi^ receiving drum in the tail house, in which the condensed vapors 
settle, p-<rtially filling the receiving drum to a point which is indicated 
by » gage glass. The uncondensed vapors collect under pressure in 
the upper pan of the drum. The condensed hydrocarbons arc now 
called light distillate.’' From the upper part of the receiving drum a 
small gas line dro})s down to a “ tee " within easy access of the still 
man. From this tei‘ two small, say one and one-half inch, gas branch 
lines *lead up to two corresponding gas pressure mains. Each of the 
branch pipt's mentioned is provided near the tee with a valve (see V 3 
and F 4 , Fig. 18). From the bottom of the receiving drum a discharges 
pipe leads through a valve into a discharge meter. From the meter 
the light distillates ” passes out of the tail house to storage tanks anel 
the‘n te) the “re'-run” stills. Locateel near thes discharge meter is also 
the meter which re'gistea’s the flow of charging stock for the tube still, 
that is to S!iy the* esluirging stock besfore entering the' still passes threnigh 
the tail he)use and is gage'd by the still man. It follows that the're is 
concentrateel in this way within a small sphere e)f actie^n practically all 
the elements of contre)! which are vital to the safe 0 ])eratie)n of the still. 
Each still in the battery is similarly pre)viele'd with a receiving drum, 
gas control valves and meters for light elistillate' and charging stock. 
A portie)!! of the interior of a tail house she)wing diagrammatically the 
position of the receiving drums and t heir a(!Cessories is shown in Fig. 20. 

To aid in a more uniform maintenance of pressure in all the stills, 
th(^ receiving drums as shown arc connected together through the 
gas pressure control valves with the overhead high ])ressurc mains. 
Thus any excess of pressure in one still may easily be dissipated by 
distributing that pn'ssure among all the other operating stills in the 
battery. The tube stills may be run continuously. It is quite often 
the case that there is a cewtain amount of charging stock more or 
less continuously pumped into the still during the progress of the 
distillation. For example about. 250 to 200 barrels of ^charging stock 
may be pumped in before firing u[), and while say about four barrels 
per hour are being run off, two and one-half barrels per hour are 
pumped in through the heat exchanger. The point where this fresh 
charging stock enters is, as shown in Fig. 18, in the lower part of the 
aerial condenser. In some cases it is considered very good practice 
to run off about ^xty per cent of the total charge regardless of the 
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Fig. 21. — Battery of continuous fire stills. 
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gravity of the '' stream.” Usually however the gravity of the stream 
when operating on paraffin and semi-paraffin gas oils will commence 
at about 65° and end at about 46° Be., and the tank gravity of 
tlfis material will be 48"" to 50° B6. The residue in the still is called 
pressui’e tar ” and has a gravity in the case just mentioned of about 
25^6. It is often mixed with other oils and sold as fuel oil.^ A typical 
charging stock is a gas oil which has a gravity of say 34° to 38° B(5. and 
of which about thirty per cent will come off below 550° F. (288°C.). 

Referring again to Figs. 18 and 20 each receiving drum is provided 
with a pressure gage and this is maintained in the neighborhood of 
seventy-five pounds during the distillation. Excess pressure is relieved 
through Vz into the high pressure gas main. At the end of the operar 
tion, ffowever, valve F 4 leading into tlie low pressure gas main is opened 
^ while valve Vz leading to the high pressure gas main is closed. The 
pressure in the still is redieved into the low pressure gas main down to 
about forty pounds when valve U 4 is again closed and the remaining pres- 
sure in the still is utilized for blowing the residue or pressure tar out of 
the still. The so-called light distillate ” having a tank gravity of about 
49° B^. is now re-run in fire stills to distill off gas naphtha. This may be 
done in a single fire still or on a larger scale in a battery of continuous 
fire stills. Such a battery of continuous stills is shown in Fig. 21. As 
shown here the light distillate from the tube stills is continuously pumped 
into still No. 1, first passing through a large heat exchanger and being 
preheated in this manner by the hot residue of heavy gas oil which is 
continuously pumped from still No. 6 . This residue of heavy gas oil 
is then passed to a tank wlua’e it may be mixed with heavy gas oil 
from other sources and the wliole, ciillcd charging stock, then utilized 
for cracking in the tub(‘. stills. As shown in Fig. 21, the first three stills 
are not provided with towers and when this battery of stills is being 
run on light distillates, these first three stills will continuously yield 
gas naphtha suitabhs for mixing with straight distilled light naphtha 
to make treating stock.” The last three stills in the battery are 
however provided with separating towers (see also Fig. 22). The 
condensing units on these towers are provided in the usual way with a 
drain which leads either to a go-back ” or any one of three independent 
condenser coils. If, in the operation of re-running the Ijght distillate, 
it is desired to separate the residue as closely as possible, then the go- 
backs on the stills provided with towers will be operated to a considerable 

‘ The pressure still tar,” as it is called, from a pressure still of the Burton type 
is regarded as a high grade fuel. It luis a calorific value ranging in the neighbor- 
hood of 19,600 B.t.u. Although containing carbon it is quite a fluid oil and burns 
very satisfactorily. 
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Fire still provided with horizontal towers. 
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extent. But instead of each go-})ack delivering into its respective still, 
all the gobacks, for purposes of more complete separation,, would in 
this case lead into still No. 3. The yield of gas-naphtha where 
tl;e charging stock is paraffin or semi-paraffin gas oil of say 36° Be. 
gravity and of which twenty-five to thirty per cent comes off below 
550® F. (288° C.) would be approximately twenty per cent of the original 
charging stock placed in the tube still. This then is a measure of the 
efficiency of that method of cracking heavy oils which is in largest use at 
the present time. It is contend(Hl that the amount of gas formed in the 
tube stills per gallon of gas naphtha produced is lower than in any other 
process for cracking oils to make naphtha. 

Unerring again to Fig. 21 when) the use of the go-backs is men- 
tioned, attention is called to the fact that in this re-running process 
• the light distillate from the tube stills yields, beside gas naphtha, burn- 
ing oils and light gas oil as distillates. In Fig. 21, connectcid with the 
illustration of each condensing unit there is attached a notation which 
indicates the nature of the distillates which may be expected to be 
yielded at various points in the towers. Figure 22 shows somewhat 
more in detail, in diagrammatic form, the connections on the re-run 
stills and towers. It will be understood that the towers may be of 
the older vertical type instead of the horizontal type shown. 

II. The Production of Naphtha by the Distillation of Heavy 
Asphaltic Crudes 

Coking Stills for Mexican and Other Asphaltic Oils. — In the treat- 
ment of su(;h criuh^s, water offers even more difficulty than it does in 
th(‘ cas(; of the i)araffin crud(‘s. The nature of the asphaltic petroleums 
is such that the water which they very often contain clings to them 
with great tenacity and offers considerable difficulty in case it is at- 
,tempted to expel tlu^ water in ordinary stills. As is well known, attempts 
to treat a wet asphaltic crude in an ordinary still results in frothing, 
bumping and th(^ effect t(‘chnically known as puking.^’ This difficulty 
is overcome by submitting the oil to a preliminary distillation in a 
tube or “pipe still. 

Such a still is shown diagrammatically in Fig. 23. As shown, this 
still consists of a continuous coil of six-inch pipe made up in twelve-foot 
horizontal lengths connected together at their ends by means of return 
bends. The discharge end of the coil is connected with a superimposed 
receiving or separating drum which is so arranged in the furnace setting 
as to be heated by the hot gases of combustion. A vapor line leads 
from the top of th^ separating drum to a water cooled condenser and 
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the level of hot oil discharged into the receiving drum is maintained 
nearly constant by means of a discharge or drain line which conducts 
the dehydrated oil into the shell of a heat-exchanger through which 
the wet crude passes in counter-current direction on its way to ^he 


I 



dehydrating tubes. Although the primary object of the still is dehydra- 
tion, the apparatus functions also, partially at least, as a topping still 
inasmuch as a certain amount of naphtha is distilled off with the v^ater. 
The fires are so regulated and the oils are pumped through the tubes at 
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such a rate that the temperature of the vapors as they leave the sepa- 
rating drum is in the neighborhood of 400° Fd One of tli^ objects 
of keeping the separating drum at about this temperature is to prevent 
condensation of water in it. After tlie heavy crude has gone through 
this dehydrating or ‘‘ topping ” action it is in a condition for further 
treatment in stills. This treatment will depend entirely upon whether 
the refinery practice is concerned with the production of lubricating 
oils or whether the crude is to be reduced to niak(i asphalt. In making 
lubricating oils the dehydrated crude is distilled to coke. This will 
result in the production of light, and heavy naphtha, burning oil, gas 
oil, light and heavy lubricating stock, gas and coke. In the case of 


• ABC 



certain asphaltic; oils containing paraffin a wax distillate will also be 
obt:dned simultaneously with the lubricating stock. The amount of 
]ight and heavy naphtha obtained is not always dependent upon the 
percentage which is naturally contained in the crude. The asphaltic 
crudes are of such an unstable and unsaturated nature that it is not 
difficult to promote cracking. However many of the Mexican crudes, 
for example, contain a considerable amount of naphtha, as such. The 
coking takc's place in ordinary coking stills which arc provided with 
air condensers or towers. As shown in Fig. 24, these towers are of the 
usual vertical tubular type but do not contain as many separate units 
as in the case of towers connected with stills which are used to coke 
paraffin and semi-paraffin crudes. Three towers are often sufficient 
and, as shown in Fig. 24, arc built up of a single set of long tubes. The 
bottom of each tower is arranged to deliver into any one of three separate 
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coils, while the top of the last tower 
delivers into a separate coil. This 
arrangement provides for only four 
crude distillates and these may be 
represented by light naphtha, heavy 
naphtha, burning oil and lubricating 
distillate. The burning oil is col- 
lected separately from the light and 
heavy naphthas, while the gas oil, 
light and heavy lubricating oils may 
all be collected together and sepa- 
rated subsequently. The towej’s may 
or may not be provided with a go- 
back, but in case they are so 
equipped, this is operated but very 
little because cracking takes place so 
readily that the continued operation of 
refluxing would injure the distillates 
and lead to the production of loo 
much coke. As shown in Fig. 24, 
which n^presenls a one thousand barrel 
still, manholes are provided at either 
end and two manholes are situated on 
top of the still. It is customary on 
account of the large percentage of coke 
produced to charge only 750 barrels at 
a time. This will result with many 
Mexican crudes in the production of, 
say, 10 to 18 inches of coke on the 
bottom of a still at the end of a run. 
Before opening the manholes a jet of 
steam is used to blow hydrocarbon 
vapors out of the still and when the 
latter is sufficiently cooled the coke is 
removed by breaking it up and shovel- 
ing out. The purpose of the manholes 
on top of the still is to provide a better 
circulation of air during this operation 
of removing coke. The crude distil- 
lates obtained as mentioned are then 
given chemical treatment and steam 
distilling. With soine Mexican crudes 
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twenty per cent of light naphtha may be obtained by this simple cok- 
ing process. , 

In connection with the coldng of some Mexican crudes it is a fact, 
not generally known, that toward the end of a distillation and as the 
coking period approaches, there is a considerable evolution of gas as 
though coke yielding substances suffered sudden decomposition prc- 
vious^to and during their pyrogenetic breaking up. Suitable provision 
must therefore be made to take care of this large volume of gas; in 
other words the receiving tanks connected with the top of the last tower 
on the still, in case towers are used, should be provided with a tail gas 
j)ipc of ample diameter, say 6 inches or thereabouts, and this pipe 
should lead to a gasometer or series of gasometers whose capacity is 
sufficient to take care of all the gas produced. 

In the ciisc of many asphaltic oils, particularly California oils, it 
is often customary to distill these oils continuously so as to obtain a 
residue of asphalt of about 40 to 50 penetration. Figure 25 shows 
diagrammatically a battery of 10 stills for making asphalt. These 
stills may be connected as shown so that the oil travels from the front 
end of one still to the opposite end of the next consecutive still in th(^ 
series. This has the same effect as though the stills were connected 
together end for end. In the arrangement shown in Fig. 25 the last 
two stills / and J act essentially as reservoirs for the asphalt. Thus 
the reducing opca’ation is continued until these stills become well filled 
and then by closing the valve K, H becomes the last still in the operat- 
ing batteiy {uid while the stills I and J are being emptied of their con- 
tents the distilling operation is not disturbed, inasmuch as asphalt is 
continuously being pumped out of still H. The heat exchanger shown 
preheats the dry crude on its way to the first still in the battery. For 
the production of asphalt free from carbonized matter or “ carbenes,’’ 
ns they are called, distillation is aided as much as possible by the in- 
• troduction of live steam. 



CHAPTER IV 


REFINING METHODS, SULPHUR REMOVAL, CHEMICAL 
TREATMENT, DISTILLATION 

Among those phases of petroleum refining which have offered the 
greatest latitude for the application of chemical and chemical engineer- 
ing invention and development, tlu' desulphurization of sulphur con- 
taining oils and the removal of imsaturated hydrocarbons and other 
chemical substances, whose reactivity makes their presence undesirable 
for the uses to which petroleum products are at present usually aj)plied, 
occupy a prominent place. 

The partial practical solution of the desulphurization problem has 
resulted in increasing the supply of petrokami products by rendering 
available large deposits of oils, the fractions of which, until they are 
submitted to a desulphurizing treatment, are of litth^ value. 

The methods that operators and inventors have employed to attack 
this problem may conveniently b(i divided into two main classes, that 
is, treatment in the vapor phase, which usually coiisisis in passing the 
oil in a state of vapor through or in contact with chemical substances 
calculated to effect a specific action on the organic* sulphur comi)ounds, 
and secondly methods which are confined to the liquid phase, for 
example, agitation of the sulphur containing fraction with agents such 
as sodium plumbitc. ' 

The liquid phjise methods seem to have outlived or overshadowed 
those which are characterized as vapor phase methods. Whether this 
is a matter of convenience or of real chemical merit is a matter that 
may be questioned. This chapter endeavors to show the course which 
effort has taken in desulphurizing procc'sses and methods. 

The removal of unsaturated hydrocarbons and other reactive bodies 
holds at least as much interest as desulphurization. Present and past 
economical conditions and the present status of the chc'inical industry 
has limited large scale operation very largely to the use of sulphuric 
acid for this purpose. Other methods have been proposed, intended 
to represent improvements over the use of sulphuric acid, and while 
many of these methods undoubtedly accomplish from a chemical stand- 
point what they set out to do, many of them are not commercially 
employed on account of the expense of the necessary procedure. Re- 
fining with liquid sulphur dioxide, for example, while it has met with 
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some success in Germany, Austria and Italy, has, so far as is known to 
the authors, found little commercial application elsewhere. •Recogniz- 
ing however that it is not improbable that new developments in refining 
methods may lead to the commercial application of chemical reagents 
other than sulphuric acid and caustic soda, there is recorded here the 
work of those who have sought to improve upon past and present 
methods as well as a description of current practice. The description 
is necessarily limited in general to those distillates from which it is 
possible to i)roducc naphtha or gasoline. 

Desulphurizing 

J. Fordred ^ refines oils derivcnl from coal, shale or peat by an initial 
• treatment with caustic soda and a subsequent treatment with suli)huric 
acid. The alkiiline and acid sludgi's are then niixi'd, treated with water 
and steam, sodium sulphate recovered and the hydrocarbon product 
of the combination of the acid and alkaline sludges isolated. The 
original hydrocarbon oil thus refined is further brightened by filtration 
through fulk'r’s eaidh. 

C. C. Parsons ^ f)i‘oposes passing the vajiors from an oil still through 
a mass ctimposed of a mixture of charcoal and oxides of iron or calcium, 
under reduciMl prcssin’c, in order to purify the oil, that is, deodorize 
and improve the bmaiing qualities. Distillation of the oil with super- 
heated steam is recommended. 

A. T. Schmidt pro[)os(Hl using much less sulphuric acid in refining 
distillates than was the current practic^e and to substitute a treatment 
with sodium “ hyposulphite,’’ in acid solution. It was said that this 
tr('atmcnt had a good deodorizing and decolorizing action. 

To the oil in the still is added a sufi)hite or hyposulphite of any metal which will 
not discolor the oil, for (‘xamplc, hyposulphite of soda. In general, there will bo 
•sufficient water present in the still to dissolve the chemical, but if there is not, then 
sufficient water m;iy be added to the hyposulphite to bring it to a liquid condition be- 
fore it is introduced. The distillation is then (conducted in the usual manner, and the 
distillate obtained is removed to the agitator, where it is first treated with ordinary 
commercial sulphuric acid in about the proportions of one and one-half (IJ) carboys 
of acid to every one hundred barrels of oil, to partially deodorize the oil, and to set 
free carbonaceous and coloring matters, which are allowed to settle, find the sediment 
removed. As soon Jis the matters set free by the first portion of acid have settled, 
the oil is treated with weaker acid, using about one-half carboy of acid to the hundred 
barrels of oil, and diluting the acid by the addition of water in about the proportions 
of one part water to two parts acid, by volume, the mixture being allowed to cool 

1 U. S. Patent .54,267, April 24, 1866. 

* IT. S. Patent 88,978, April 13, 1869. 

* u. s. Patent 164,694, June 22, 1875. 
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before it is used, and the oil being agitated at the time the mixture is introduced. 
The object tjf this treatment is to throw down all the coloring and foreign matter 
which is still held in suspension, though set free by the first acid treatment. After 
the distillate has been treated ivs above, it is washed in a bath having a hyposulphite 
or hypophosphite in solution, preferably hyposulphite of soda, in about the pro- 
portions of one pound of hyposulphite to forty gallons of water. The object of this 
washing is to dissolve and carry off any coloring matter that may yet remain, and 
also a portion of the free acid, enough of the acid remaining to unite with the hypo- 
sulphite and liberate sulphurous acid, which, it is said, will bleach and deodofize the 
oil. The oil is then subjected to a final washing with clear water, and neutralized 
with an alkali as usual. The proportions given for the acid and water, and salt 
and water solutions, arc those which have been found to be serviceable. Schmidt 
does not offer the method for the jiurpose of refining gasoline, but for the treat- 
ment of hydrocarbon oils, generally. ^ 

Pitt ^ superheats oil vapors in the presence of metallic iron or copper 
to effect desulphurhiation. 

J. A. Dubbs 2 desulphurizes sulphur containing oils such as Lima 
oils by heating the crude oil and blowing through it a stieam of gas rich 
in hydrogen. It is stated that if the crude oil is distilh'd without pre- 
liminary treatment, carbon sulphides arc formed which are relatively 
difficult to destroy; that if, however, the crude oil is treated with 
hydrogen before distillation, the sulphur is removed from the oil in the 
form of hydrogen sulphide. 

Frasch ^ finds that in distilling sour oils in the presence of oxide 
of lead that this oxide is active at comparatively low temperatures and 
so removes the skunk compounds from the lighter portions of the 
oil, but that at higher temperatures it becomes inactive (owing to re- 
duction). Copper oxide, on the other hand, acts in the reverse manner, 
being more active at the higher than at the lower temperatures. One 
of Frasch’s de.sulphui'izing compounds ’’ consists therefore of a mixture 
of lead oxide and copper oxide. In order to increase the active surface 
of these oxides they are also mixed with an inert refractory material, 
iron oxide for example. The method of preparation of the desulphuriz-' 
ing compound consists in adding a mixture of the oxides of copper, 
lead and iron to a “ sour ” burning oil distillate, distilling off the larger 
portion of the charge in a cheese-box still with chain drag and roasting 
the residue (jj^fter washing out excess oil with naphtha). This yields 
the mixed oxides in a very finely divided active state. (Frasch states 
that lead and copper oxide dissolve in sour oils to a certain extent.) 
The resulting roasted mass is then used to desulphurize sour oils by 
heating the latter and distilling them in the presence of the copper 

» U. S. Patents 379,492, March 13, 1888, and 411,394, Sept. 17, 1889. 

2 U. S. Patent 470,911, March 1.5, 1892. 

« U. S. Patent 500,252, June 27, 1893. 
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(and lead) compound.” Oil vapors may also ho passed through such 
a specially prepared compound, heated to a suitable degree. • 


According to U. S. Patent 448,480, Mar. 17, 1801, Frascii preferred to pas.s tlie 
vapors from the distillation of sour oil through an agitated hotly of oil containing a 
iruiss of metallic compound (lead, copper, etc.), di.ssolved and suspended in sour oil. 


Cazin ^ proposes to pass 
soujs ” oil through a series of 
tall cylindrical vessels contain- 
ing solutions of salts, alkalies 
and acids, intended to remove 
malodorous compounds. The 
aqueotis solution or acid Hows 
down through the vessel and 
oil rises upwardly through the 
a(iu('ous liquid, colh'cts on top 
of the latter and flows into the 
n(‘xt purifier in the series. 
Figure 25a shows one of the 
purifying units. Dilute hut 
not strong sulphuri(! acid, al- 
kalies, salts of lu'avy metals 
and suspended oxidc's of cop- 
per, mercury and other heavy 



metals are mentioned as the t'ig 2r)a.-- “Treating’’ ai)paratus proposed by 
inirifying solutions us(‘d. A])- ( azm. 

parently the method was intemded to opcu'ate continuously. 

The followng substances were suggest(‘d as the (;aus(‘ of the had 
odor; 


Ethyl suljdiatn 
Methyl sulphate 
Methyl sulphides 


Methyl sulphonic acid 
M(‘thyl mercaptan 
Ethyl mercaptan. 


Hans A. Frasch ^ treats oil with chloride of lime suspension to 
effect deodorization. Sulphuric acid treatment follows to remove 
unsaturated bodies and then a treatment with sodium plumbite. The 
latter reagent, it is said, is used only to remove chlorine compounds. 

C. Lossen ^ believes that hydrocarbons belonging to the acetylene 
series have much to do with the bad odor of crude Lima and C anadian 
oils. He treats the oil with one-half to two per cent of cuprous oxide 
at about 120° C. (248° F.). It is stated that the odor was removed 

1 U. S. Patent 400,033, Apr. 2, 1880. ® U. 8. Patent 525,811, Sept. 11, 1894. 

• 3 U. S. Patent 537,121, April 9, 1895. 
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but that the sulphur was not attacked. This is said to indicate that 
the sulphur compounds were not the cause of the bad odor. 

Frasch ^ states that “ Standard White ” distillate when treated and 
then distilled gives off sulphur dioxide, indicating an oxidation by sul- 
phuric acid during distillation, showing in turn that the alkali wash did 
not remove all acid. This difhculty was overcome by distillation in 
the pr(‘sencc of lime. 

Frasch ^ passes the vapors from sour oil stills through a rotating 
drum containing a desulphurizing mass. Th(^ object of the rotation is 
to cause an abrasion of the surface of the jiartick's of th(^ mass, removing 
coatings of suli)hidc and thus preserving an active ” surface. 

Adolf Kayser ^ proposes to improve' low grade oils, i.e., oils contain- 
ing large percentages of sulphur or smoky hydrocaii)ons, or l)oth, by 
treating the oil in the vapor state as it ('merges from the still, with 
carbon monoxide at a temperature of about 200° C. (392° F.) and at 
atmospheric pressure in a scries of tubes situated between the still 
and the condenser. A subsequent tn'atment of the distillate (usually 
kerosene) with sulphuric acid is stated to yield an oil possc'ssing excellent 
burning qualities. The formation of carbonyl suli)hide (UOS) is sug- 
gested as an explanation of the mechanism of the chemical inaction. 

T. F. Colin and Otto Amend ^ arc of th(' opinion that the removal 
of sulphur from petroleum is contingent upon oxidation of the sulphur; 
that successful removal of the latter takes place if it is oxidized by a 
strong oxidizing agent. They depart from th(^ use of precipitating 
agents, like sodium plumbite, for (‘xample, and make us(' of the principle 
that if chlorine gas is passed into a sodium hydroxide solution contain- 
ing an oxygen-carrier, such as mangaiu'se, cobalt, nickel, copper or 
iron, the hypochlorite is decomposed into chloride Jind oxygen, without 
the production of free chlorine. 

In order to insure the production of oxygen alone without free chlorine, a catalytic 
agent which acts as an oxygen-carrier is used, preferably a salt of a metal whi{!h forms' 
two or more oxides, which by oxidation or reduction, respectively, easily pass from 
one state of oxidation to a higher or lower state. Suitable salts for this purpose are 
the nitrates of manganese, cobalt, nickel, copper, and iron. It is lU'cessary also 
besides this catalytic agent to have the solution distinctly alkaline in order to pre- 
vent the formation of free chlorine, and though thi.s can be assured by the adtlition 
of a caustic alkali to the solution it is generally unnecessary to make this addition, 
as the solution of the hypochlorites of the alkaline metals or alkaline earthy metals 
usually contain a sufficient excess of alkali. The third important condition is the in- 
troduction of the chlorine in such a way that there shall be at no time any excess 
of the latter present — i.e., the hypochlorite solution must be allowed to run into the 


» U. S. Patent 561,216, June 2, 1896. 

» U. S. Patent 622,799, April 11, 1899. 


® U. S. Patent 640,918, January 9, 1900. 
* U. S. Patent 72ft, 308, March 24, 1903. 
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oil very slowly and gradually (during the whole time necessary for agitation) and 
only as fast as the catalytic agent can react upon it. In order to insure this result, 
the oil is first treated with a strong solution of caustic soda, the solution having 
a spoeific gravity of approximately 1.4 to 1.5 to neutralize and eliminate acids, 
phenols and similar bodies. AfUu* settling, this alkaline sludge is drawn off, and 
the oil is ready for the actual sulphur treatment. 

In order to effect the necessary oxidation of the sulphur in the oil the crude 
petroleum or distillate is agitated with a solution of sodium or calcium hypochlorite 
(bleactiing powder), to which has been added a very .small quantity of manganous 
nitrate. This manganous salt by interaction with the alkali and hypochlorite 
present is converted into manganese dioxide, which gives up its oxygen to the .sul- 
phur compounds of the hydrocarbons, itself being reduced and then again reoxidized 
by the hypochlorite, and so on. The <lirec( addition of manganese dioxide (Mn02) 
to the oil mixture might be ii.sed; but it will not be as effective, because the man- 
ganestj*dioxide, when precipitated in the mixture, as do.scribed, will exist in a much 
finer state of .subdivision, as powdered manganese dioxide is not as finely divided 
•as the precipitate produc(‘d in the solution by neutralization and agitation. The 
agitation is done by means of cornpre.s.sed air. This hel[)s the oxidation and also 
carries away any free chlorine that may be pre.sent; but under the.s(^ conditions no 
appearance of any free chlorine can be deteid^ed either by the sense of smell or by 
observing fumes with ammonia. The reaction above d(\scribed takes plaise more 
easily at a somewhat elevated temperature, and therefore in cold weather the oil 
ought to be warmed. A timiperature of about 4(F C. Is favorable; but satis- 
factory results are said to be obtained at a temperature of about 15° to 20° 0. When 
the nitro-prusside test shows that all the .sulphur has been oxidized, agitation is 
stopped to let the fluid settle, and the lower alkaline liquid is drawn off. Nitro- 
prusside of sodium gives a red color with sulphides in alkaline .solution; but whiTi on 
afiplioation of a drop of an aipieous .solution of nitro-prusside of sodium to a drot) 
of the treated pt'troleum made alkaline with a drop of sodium ethylate dissolved 
in alcohol there is no appearance of any red color, it indicates that the oxidation 
of the sulphur in the petroleum has been completed. 

44ie (luaiitit.y of the hypo(4ilorite to be used depends upon the amount of oxi- 
dizable sulphur present in the oil. It has been found that if the oil contains, for 
instance, 0.8 per cent of sulphur, it requires about 0.2 per cent of chlorine for its 
oxidation, and if the amount of sulphur in the oil and the amount of available chlo- 
riiu; in the hypochlorite .solution .are known, the proper quantity of the hypochlo- 
^ritc can be easily determined; but it may b(‘ pointed out that a slight e\ce.ss of the 

hytiochlorite will cause no harm. i • 

Some hypochloroiis acid (or its s.alt) will remain saspended or dissolved in the 
oil, and this must be removed or destroyed. . This is effected by treating the oil 
with a reducing agent, Tn the si ill slight ly alkaline oil is added a solution of a salt 
of a metal which Inus two or more states of oxidation, each of which easily pa.s8es 
into the other, so that it can act as a reducing agent. For this,purposc ferrous 
sulphate (copperas), mimganous sulphate, ferrous and manganous nitrates, ferrous 
and manganous chlorides, ferrous and manganous acetates, or .sodium plumbite are 
recommended. As ferrous sulphate (coi^peras) is very effective and cheap, this 
salt is preferred. A solution of copperas added to the oil containing chlorine and 
agitated with it for a little time will interact with the chlonne so as to form terric 


chloride, which Is harmle.ss 
If the methods ab^ve 
tillate is now rendered free, 


in the mixture. 

(U’srribcd have been followed carefully, the oil or dia- 
it is .said, from refractory compounds. The total sulphur 
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has been reduced to about one-half the original quantity, and what remains is in a 
form whieh^ submits to the usual acid treatment of petroleum distillates. A little 
“ doctor ” — i.e., sodium-plumbite solution — will show that all hypochlorous acid 
has been decomposed. As long as any of this latter is present sodium plumbite 
will turn black from the formation of lead peroxide. After letting the oil stand for 
a little while to settle, drawing off the aqueous liquid, and washing the distillate a 
couple of times with water, the oil is now ready for the usual treatment with sul- 
phuric acid, alkali, and water. 

Those investigators use a very dilute hypochloiite solution.' For 
example, two hundred grams of kerosene were taken, and given the 
following treatments: 

First, This distillate was washed with about five cubic centimeters of a strong 
solution of caustic soda in order to neutralize acids, phenols, etc., and the resulting 
alkaline sludge was separated. 

Second, Fifty cubic centimeters of a solution of sodium hypochlorite were now 
added drop by drop. This solution was strongly alkaline (and therefore needed no 
addition of caustic soda) and contained 0.48 grams of available chlorine in one 
hundred cubic centimeters of the solution, or a total of 0.24 grams chlorine to two 
hundred grams oil — 0.12 per cent chlorine. To this was added one drop of a weak 
solution of manganous nitrate, as a catalytic agent, and the liquid was agitated by 
means of an air-blast for one hour while the hypochlorite was dropping in. At the 
end of that time the sodium nitro-priisside test showed (according to Colin and 
Amend, loc. cit.) the absence of sulphides in the hydrocarlions. 4'he temperature 
of the room was about 17° centigrade. 

Third, After allowing the liquid to settle and drawing off the alkaline solution 
the oil was wiushcd four times with water. 

Fourth, Assuming as a very improbable maximum that one-eighth ])art of the 
chlorine previously added still remained m the oil, twenty cubic centimeters of a 
copperas solution containing 0 2 grams of solid ferrous sul[)hate w(Te added and 
the liquid agitated with an air-blast for twenty minutes. At the end of that time a 
test of a small portion of the oil with sodium plumbite showed that the plumbite 
did not turn black by the formation of PbOj, thus proving the absence of hypo- 
chlorous acid. The litpiid was settled and the iron solution drawn off. 

The oil was then treated with the usual quantity of sulphuric acid and finished 
by washing with water and alkali. 

The result was stated to be an oil of good color, standing the usual test with- 
sodium plumbite, free from manganese and iron, and containing (as shown by the 
combustion test) a mere trace of chlorine and sulphur in (piantity sufficiently low 
for commercial purposes. 

Clarence I. Robinson ^ finds that sulphtiric acid of ninety-eight 
per cent sulphuric monohydrate and above has a much more pronounced 
action on the sulphur compounds contained in the burning oil fraction 
[300° to 550° F. (149° to 288° C.)] of Lima (Ohio) and similar oils (c.g., 
Ontario, Canada) than acid of lower strength. 

The burning oil fraction of Lima petroleum after treatment with 
66° sulphuric acid in the usual way is stated: (1) to have a refractive 
» U. 8. Patent 910,584, Jan. 26, 1909. 
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index of 1.4400; (2) to contain not less than 0.2 per cent sulphur; (3) to 
turn a pronounced canary yellow on the addition of sodiuin plumbite 
solution and, (4) that by agitation with ninety-eight per cent sulphuric 
acid (0.3 pound 98 per cent acid to one quart of oil) the sulphur content 
is reduced from about 0.225 per cent to below 0.1 per cent. 

It is also stated that the proportion of ninety-eight per cent acid 
needed to effect desulphuration d(‘pends larg(4y upon the initial temper- 
aturc«at which agitation of the oil and acid is carried out. 

It is said that by operating on liima oil in the form of burning oil (kerosene) 
distillate (n) at about or below 38° F. inituil temperature, a desulphuration to give a 
marketable burning oil (kerosene) can be effected with only about a third of the 
98 per cent sulphuric acid needed to cffi‘ct the same desulphuration at about 00° 
initial temperature; {h) that by operating at temperatures between about 38° F. 
initial and about 00° F, init ial an eifual desulphuration demamls more and more 
* acid until a temperature is reached at which substantially the same proportion of 
98 per cent sulphurie acid is needed as would be required at about 00° F. initial; 
(c) that the increase in acid demanded for a given rise in temperature above about 
38° F. initial becomes larger and larger as .50° F. initial is apjiroached, so that the 
(liffereiKic between about 38° F. initial and about 44° F. initial is not so great as 
between about 44° F. initial and about .50° F. initial, and this in turn not so great as 
bi'tween about .50° F. initial and about .50° F. initial, and (d) that the amount of d(‘- 
SLilphuration at about or below 38° F. initial and at any temperature between the 
latter and about 00° F. initial can be increased or decreased by using a larger or a 
smaller jiroportion of 98 per cent sulphuric acid, although it is believed that for a 
given stock and a given stronger acid there is an irreducible minimum, or, in other 
words, ii certain sulphur (iontent which cannot be reduced by using an increased 
proportion of the acid. 

By treating the above mentioned uncracked stock with 98 per cent sulphuric 
acid at about 38° F. init ial, followed by re-running, by a subsequent light treatment 
with sulphuric acid and alkali, and by steam stilling, finished burning oil (kerosene) 
is obtained with not exceeding 2*0 fier cent of suljihur, by using the 98 per cent acid 
at the rate of twenty pounds to the barrel of stock treated. 

It is stated that^ there is no advantage, or at le:ist none commensurate with the 
incrciused cost of cooling, in reducing the initial temperature of the stock below 
^38° F. as approximately the same desulphurizing effect per pound of 98 per cent or 
*other high strength acid is obtained at lower temperatures. The following table 
shows the amounts of 98 per cent sulphuric a(‘id to the barrel of stock which have 
been found to be needed to make a finished burning oil (kero.sen(') of .\j Tier cent 
sulphur from the uncracked stock by treating it with acid at different temperatures 
at about and above 38" F. initial and then re-running the .so tnaited stock and 
giving the re-run distillate a light treatment vith sulphuric acid lit4 alkali followed 
by steam stilling to remove the naphtha: 

At about 38° F. initial pounds 

At about 44° F. initial pounds 

At about .50° F. initial 

At about .50° F. initial pounds 

The explanation of the ability of a smaller proportion of 98 per cent or other 
high strength acid, wheTi applied to Lima oil at about or below 38 . or a 0 er m 



no MOTOR FUELS 

perature below about 60° F. initial, to accomplish the same desulphurizing effect 
as a larger proportion of the same acid, when applied to the same stock at about 
60° F. initial or at any lower temperature (above F.) and also above that at which 
the smaller proportion of acid is used is thought to consist in the fact that the af- 
finity of 98 per cent or other high strength acid for the sulphur compounds of Lima 
oil is diminished by such decrease in temperature less than its affinity for the un- 
sulphured hydrocarbons of Lima oil is diminished. The chemical energy of the 
98 per cent or other high strength acid is believed to expend itself, at all the tem- 
peratures both upon the sulphured and the unsulphured compounds; but the ratio 
in which it acts upon them, respectively, Is different at the different temperatures; 
and the larger proportionate expenditure is upon the sulphur compounds at the lower 
temperatures. But, whatever the explanation, an equal desulphurizing effect is 
produced, it is said, by a smaller proportion of acid at tlie lower tmnperature; and 
there is less de^struction of ihseful unsulphured hydroiiarbons by the smaller pro- 
portion of the desulphurizing acid and also le.ss injury by it to the color o^ the oil 
after re-running. 

In desulphurizing the uncrai^kod stock, tlu' na|)htlia driven off in 
the steam stilling should have a sulphur content, not ('xceeding 
of one per cent. A naphtha cut can also he desulphui’izi'd apart from 
the burning oil (kerosene) hydrocarbons; although it is considered 
ordinarily more advantageous to di'sulphurize them together and after- 
wards to separate the di'sulphurized naphtha from th(^ desulphurized 
burning oil (kerosime). 

It is also recommended to first give th(‘ kerosime a treatment with 
copper oxide and then to treat the distillate with niiudy-eight pc'r cent 
sulphuric acid. In this way the proportion of ninidy-eight pin* cent 
acid necessary is much reduced, say, down to tim pounds of acid to 
the barrel. It is also believed advantageous, it is said, to s(q)aratc the 
light from the heavy ends of the kerosime cut and tlu^ crackcnl from the 
uncrac.ked distillates and to treat lhes(‘ cuts scq^arately with the acid 
stronger than ()()° Be. 

P. A. and E. A. Starke ^ purify hydrocarbons of the general formula 
C’nH.2n +2 by passing them over a catalyst consisting ol a mixture of 
an alkaline earth, an alkali, and a metal of the iron group, at a temper- 
ature between 1000° F. (about 540° (b) and 1000° F. (870° ( k). Nitro- 
gen compounds arc separated and a mixture' of hydrocarbons and 
aromatic com|X)unds left, from which the latter ari^ separated by cooling 
and subjecting to a pressure of 500 pounds per sfiuare inch. The re- 
maining gas is said to be improved in heating and illuminating power. 

W. 0. Snelling 2 states that sulphur in combination with the light 
hydrocarbons in naphtha and burning oils may, by heating with a 
heavy unsaturated or cracked oil, be purified of its sulphur content, 

1 J. S. C. I., 1917, 77; U. S. Patent 1,206,156, Nov. 28, 1916. 

2 U. S. Patent 1,215,732, Feb. 13, 1917, 
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the sulphur becoming detached from the ligliter hydrocarbons and 
reacting with the heavier oils. It is said tliat the sulphur remains perma- 
nently in combination with the heavy oil and that by distilling, the 
gasoline or burning oil comes over free from sulphur. The treatment 
with the heavy cracked oil may take place by refluxing at ordinary 
pressure or under pressure in the case of the more intractable sulphur 
compounds. 

It IS set forth that the heavy unsaturated hydrocarbons (which are said to re- 
act with low boiling sulphur containing hydrocarbons in such a way that sulphur 
is transferred from the low boiling body to the heavy unsaturatod hydrocarbon) 
are best prepared artificially by cracking; for example, by passing crude oil or gas 
oil through hot tubes. 

Tl]is is an important consideration, since it would indicate that, by cracking a 
sour burning or gas oil, and refluxing or digesting the products, one might 

• obtain a naphtha free from sulphur. 

By charging sulpluir-c.ontaining oils like Kimmeridge (English) 
slnile oils with sulphur dioxide and then distilling, Hall ^ observes 
that a very large jiroportion is convert(‘d into a form of sulphur that 
may bo subsequently removed by the (common methods in use for 
desulphurizing oils, whereas previous to the sulphur dioxide treatment, 
the sulphur compounds in the shale are very ndractory. 

Kimmeridge sltale averages about 32 gallons of oil to the trin, but 
owing to the fact that the oil produced from it contains from 5 to 7 
per cent of sulphur, the oil, it is stated, is practically useless as a fuel. 
Every known method of removing sulphur from oils has been tried 
with this oil, but the sulphur content, it is noted, has never been reduced 
below about 3 pcT (jent exc(*pt at excivssivi' cost, whereas for an oil to 
b(‘ most serviceable as a fuel, it should contain k'ss than 1 per cent 
of sulphur. Only a small amount of the sulphur can ordinarily be re- 
moved as hydrogen sulphide by distillation. 

• In Hall’s process - the well known suliihur dioxide pro(;ess for removing olefins 
and ethylenes from oils and for decolorizing oils is applied to Kimmeridge and like 
shale oils for thv^, removal of the sulfihur content. The oil is charged with sulphur 
dioxide gas while the oil is cold so that it will retain a large amount of gas. The oil 
so charged is then distilled, as a result of which a marked elimination of sulphur in 
demenUd form is said to be obtained. 

The distillate loses its nauseating odor, but nevertheless rna^^contain a large 
amount of sulphur in a tlifiPerent state of combination. This sulfihur is largely or 
wholly removed by any of the well known means of removing sulphur from oils such 
as, for example, the Frasch ” process. Any sulphur in suspension in the oil is sepa- 
rated by filtration. 


J Briti.sh Patent 20,750, Nov. 21, 1013. 

2 British ^’atent 20,750, 1013; J. S. C. I. 101.5, 107. 
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For this method it is claimed that the sulphur dioxide has an effect far greater 
than that of its simple combination with hydrogen sulphide (which would in any 
case be cvcl^lved) in that it apparently greatly assists the generation and discharge 
of hydrogen sulphide from the sulphur compounds of the oil. It appears that sul- 
phur dioxide has a decomposing effect on the sulphur compounds, greatly increas- 
ing the amount of hydrogen sulphide evolved, a much more rajiid discharge being 
obtained in this way than by merely distilling at the same temperatures. 

E. V. Evans and the South Metropolitan Gas Cod oliininato sulphui 
from tar oils by vaporizing the oil, mixing it with 5 to 10 per cent of hy- 
drogen, or with a gas containing hydrogen, and passing the mixture 
over a heated catalytic or contact substance, such as nickel deposited 
on fireclay. Hydrogen sulphide is stated to be formed, and is removed. 
If the oil cannot be distilled, it is heated in contact with the catalyst. 
The hydrogen is then passed through or over it. 

The following methods for desulphurizing Canadian oils are given 
by Redwood.2 

Owing to the large proportion of sulphur compounds (locally 
known as ‘ skunk ’) which Canadian oil contains, the proc(‘ss of re- 
fining differed from that ordinarily employed in the United 8tat(‘s. 
The agitators for refining the kerosene distillate held about 465 barrels, 
and with this quantity, strong sulphuric acid (two carboys) was agitated 
for twenty minutes. After withdrawing the tarry acid, agitation was 
repeated with a further quantity of seven carboys of acid, this op(‘ration 
being repeated twice if necessary, the agitation being continiK'd for 
thirty or forty minutes, and the acid withdrawn after ea(4i operation. 

After settlement for an hour and withdrawal of the deposit, the 
oil was washed by fine streams of water, without agitation, for an hour 
and a half, or until a dark color produced by the acid treatment was 
removed. The water was then drawn off, and 10 barrels of caustic 
soda solution (15'' Be.) was added and the mixture agitated for fifteen 
minutes. The soda solution was in turn allowed to settle, and having 
been drawn off, the addition was made of 30 barr(4s of a clear solution 
formed by disvsolving litharge in caustic soda solution of 18° Be., the 
mixture being agitated for about six hours. By this means a con- 
siderable proportion of the sulphur was precipitated as lead sulphide 
and the oil^was completely deodorized, but in ordei' to remove the 
excess of lead, about 100 pounds of sublimed sulphur was added and 
agitation continued for another two hours. The oil was then allowed 
to settle all night. 

* J. S. C. L, 191.5, 1241; British Patent 22,147, Nov. 0, 1914. 

* A Treatise on Petroleum, vol. II, p. 4S, 191.3. 
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“ A Inrge number of alternative processes have been proposed for removing the 
sulphur from Canadian and other similar oils, among which may be^mentioned: 
“ (1) Distilling the oil over lead oxide, followed by refining with sulphuric acid.^ 
“ (2) Dispensing with the use of sulphuric acid and treating the oil with a solu- 
tion of copper sulphate, caust ic soda and common salt, this being followed by diges- 
tion with flowers of sulphur.^ 

(3) Passing the vajiors from the still over heated iron or copper.® 

“ (4) Distilling the oil over lead oxide and washing the distillate with magnesium 
sulphate, the purification being completed by the usual treatment with acid and 
alkali.^ Friedel and Crafts have proposed to treat the oil with aluminium chloride,'* 
“ According to Tumski,® dilute nitric acid is sometimes employed instead of sul- 
phuric acid for treating Canadian petroleum.” 

F. M. Perkin ^ states that there is a great variation in the sulphur 
eont(']9t of oil from differtuit regions. If combined with mineral matter 
in shale, (dc., this portion will not pass into the oil on distillation, but 
if present in the “ kiu’ogen ” or organic matter a considerable portion 
will appear in the distillate. The sulphur may 1x3 due to decomposition 
of v(‘g(‘tablc or animal albuminous matter or, in case of very large 
contents of sulphur, may be produced by reduction of inorganic matter 
such as gypsum. The removal of sulphur compounds depends on their 
stability. They are generally distributed between all the fractions of 
the oil, but in greater proportion in the higher fractions, consecutive 
fractions from AuK'rican crude oil showing the following percentages, 
0.02, 0,10, 0.38, 0.41, 0.37, 0.37, 0.54. It is difficult to isolate these 
compounds owing to the proximity of the boiling points to those of 
the various hydrocarbons, and the only method of procedure, in some 
cases, it is said, is to combine the sul[)hur with some reagent, such as 
mercury chloride. Thiophene has been found in Russian and German 
oils, also thiophanes which may be looked u{)on as saturated thiophenes; 
and alkyl sulphides have been isolated from Canadian petroleum. 
Mi'rcaptans scumi only to have been noticed in Baku oils. Occasionally 
carbon bisulphide is found in petroleum. Unsaturated sulphur com- 
pounds may be removed by treatment with sulphuric acid, but under 
certain conditions the acid acts also on the unsaturated hydrocarbons 
and the method may be too costly. Moreover, sulphonic acids soluble 
in paraffin oils may be formed, giving off sulphur dioxide on heating, 
and actually adding sulphur to the oil. Sulphur in light naphtha 

^ Frasch, United States Patent 37(S,246, 1888. 

2 Kennedy, German Patent 43,145. 

® Pitt and Van Beck, German Patent 45,958. 

* Gordon, U, S. Patent 451,724, 1891 
Compt. Rend. (1878) (84), 1392. 

® Tcehnology of Naphtha (Russian), Moscow, 1891. 

7 J. Inst. Petfol. Tech. 1917 (3), 227-242; J. S. C. I., 1917, 702. 
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should be reduced to the lowest limit. Kerosene and lamp oils should 
be free from sulphur. Sulphur is allowable in greater quantity in fuel 
oils, but if present in unduly large quantities is said to cause pitting in 
the boiler plates and tubes. Attempts to desulphurize oil on a working 
scale appear to have originated in Canada in 18G9. Oils from Ohio 
are desulphurized by cupric oxide. The volatile portion may be passed 
through the oxide, or the oil may be distilled to separate the light spirit 
from the heavier oil, each portion being then separately mixed* with 
finely divided cupric oxide, agitated and heated in a still. The distil- 
late is free from sulphur and the cuprous sulphide may be re-oxidised 
to copper oxide. Blackmore ^ is said to treat oil with calcium carbide, 
while in the Edeleanu process ^ liquid sulphur dioxide is used. On 
mixing the latter with a petroleum distillate, at about 5° C. (4rF.), 
two liquid layers are formed, the bulk of the sulphur compounds be- 
ing found in the lower layer. P(‘rkin does not consider the Edeleanu 
method suitable for the shale oils, particulaily Kimmeridge shale oil, 
and is doubtful as to its suitability for heavy oils. In conjunction with 
Lucas and Palmer, ho proposes to treat oil at high tc'nqx'ratures with 
gaseous ammonia, the teinperature being sufficiently high to cause the 
ammonia to commence to dissociate. Oils treated in this manner are 
found to give off hydrogen sulphide. It is unfortunate, he notes, that 
the sulphur in the very extensive Ixxls of so-calk'd Kimmeridge slnile 
is present in such a form that a very high pei’centage passes into the 
oil on distillation, the amount varying from 5 to even 8 per cent. The 
sulphur in this shale is said to be found in all the fractions and in spite 
of the evolution of hydrogen sulphide the amount in the distillate* is 
not much less than in the crude oil. Kimmeridge shale oil would be of 
immense value if this sulphur could be removed, owing to the high yield 
of oil per ton of shale. The oil retains water in remarkable degre'e*, one 
ton of shale giving 64.75 gallons of a crude oil containing 30.25 gallons 
of water and 3.74 per cent of su’phur. 

The dry oil would probat)ly contain over 7 per cent of sulphur. In retorting 
shales sulphur might be eliminated by: {(i) removal in the process of retorting, 

(b) passing the oil vapors before condensation through a desul[)huri7ang agent, 

(c) desulphurizing the oil by chemical means. There is no objection, it is said, 
to adding som(^ material such jis lime, and by previous treatment a larger yield of 
ammonium sulphate might follow. Jn the .second case there is stated to be danger 
of carbonization, carbon being deposited upon the desulphurizing material, stoi)ping 
its action. It is remarked that the third method presents considerable difficulty, 
owing to the risk of loss by action of the purifying agents on the oil itself. 

» Fr. Patent 346,275; 1904; J. 8. C. I., 1005, 127. 

2 British Patent 11,140; 1908; J. S. C., I. 1008, 974. 
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0. B. Evans/ referring to tests carried out at the Atlantic; Refining 
Company for removal of sulphur from gases from the oil •etills con- 
taining up to 8000 grains of hydrogen sulf)hide per 100 cubic feet of 
distilled gas, states that the method is applicable to the purification 
of illuminating gas. The installation consisted of 2 towers, 3 feet in 
diameter by 30 feet high, each filled with 136 cubic feet of 3-inch helical 
brick made of glazed earthenware. Each tower was placed above 
(and its lower end was sealed in) a 1500 gallon tank 7 feet in diameter 
by G feet high. The tanks were filled with a mixture of iron oxide*, 
(Fe 203 ) and watc'r, which was pumjied to the to[) of the first tower and 
sprayed down against an ascending currcait of gas. The foul oxide 
leavii^ the base of tin; first tower then was pumped .nto the top of the 
second tower and allowc'd to flow down against an ascending current 
’of revivifying air. The* revivific'd oxide was then recirculated through 
the first tower. In order to prcv(*nt the solid matter from scuttling, 
centrifugal pumps were used. 

In order to condense and chemically treat petroleum distillates, 
R. Fleming 2 proceeds as follows: — Vapors such as arc produced by 
cracking petroleum oils imd(*r pressure are condensed by treat m(*nt 
with water under jiressure, as for example by an inje(;tor, against a 
suitable back pressure, the water, oil and pcriuanent gases lh(*n being 
discharged into a tank or tanks for sejiaration by gravity. The still 
vapors are led to an air condenser or dephlegmator to effect preliminary 
separation of tarry and heavy fra(;tions. In the production of gasoline 
distillates, the cooling may be to about 300^ ('. (572*^ F.) and vapor 
at about this temperature and under a pressure of 75 to 100 lbs. }x;r sq. 
in. is passed under high velo(;ity through an injector, where it is mixed 
with water, which effects condensation, washing and removal of im- 
purities. Sodium carbonate, hydrated lime, litharge, lead acetate or 
caustic soda may be added to the water to act as desulphurizing and 
•purifying agents. Free sulphur may be carried by the water to render 
soluble the insoluble sulphur compounds present. The apparatus used 
includes a separation chamber provided with an automatic relief valve 
for maintaining the desired back pressure on the condensing and sep- 
arating system. 

9 

1 Chom. Abs. 1019, 1380; Ojvs Record 1010 (!.')), 215-216; Gas Age 1919 
(43), 475-470. 

2 Chem. Abs. 1920, 466; U. S. Patent 1,1325, 668, Dec. 23, 1919. 
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rPurification by Colloidal or Adsorption Methods 

Ujehely ^ employs the insoluble residue obtained in the manufacture 
of potassium fcrrocyanide, known as “ blacking ” or ‘‘ blackening/’ in 
order to deodorize and decolorize petroleum oils. The petroleum oil 
is dissolved, if necessary, in a light hydrocarbon and the n'sulting 
solution boiled with the purifying agent. It is stated that this “ black- 
ening ” is composed of animal charcoal with iron, iron sulphide, potas- 
sium silicate and sodium silicate. 

J. J. Johnston ^ purifies crude petroleum by distilling it in the 
presence of wood charcoal (in pieces about the size of a walnut). 

Van Wyck ^ also advocates the use of carbon as a bleachin‘g and 
deodorizing agent. He recommends a specially prepared charcoal 
made by carbonizing a pasty mixture of charcoal, chalk and soluble 
animal matter, such as blood or glue. 

Lewis * advocates filtering benzine, naphtha or kerosene through 
a filter composed of a mixture of wood or coal ashes and charcoal, 
in order to deodorize the oil. 

P. Vander Weyde ^ describes a filtering d(‘vice intended to ]:)urify 
crude oil, which consists of a series of superimposed containers or 
buckets containing bone black. The oil passes through the bone black 
in each independent container. 

Richter and Richter ® believe that hydrocarbon oils (presumably 
unsaturated oils) in the presence of “ active ” carbon, are able to act 
as oxygen carriers, i.e., catalytic bodies, so that by the simultaneous 
use of such hydrocarbons with active carbon and an air blast or cui rc'iit, 
it is possible to remove malodorous constituents from naturally occur- 
ring and artificially prepared hydrocarbon oils (benzine, benzene and 
terpene hydrocarbons). 

The oils to be purified are treated with the specially prepared carbon 
and then agitated with air at the ordinary temperature. It is stated 
that this treatment produces an oil which burns without a smoky 
flame and if employed in lamps yields no incrustation of nitrogenous 
carbon (cyanide). The carbon is prepared by mixing inflammable or- 
ganic naturaljy occurring substances with chalk and clay and carbon- 
izing the mixture. 

» U. S. Patent 289,788, Dec. 4, 1883. 

’ U. S. Patent 31,982, Apr. 9, 1861. 

® U. S. Patent 65,313, May 28, 1867. 

< U. S. Patent 42,671, May 10, 1864. 

5 U. S. Patent 61,125, Jan. 8, 1867. 

« German Patent 240,760, Klasse 120; Gruppe 1, May 13, 1910. 
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G. M. Saybolt ^ advocates the use of fuller’s earth with which to 
treat light petroleum distillates (sp. gr. 850 and less) whicb»have been 
washed with sulphuric acid. He is of the opinion that the use of an 
alkaline wash does not completely remove sulphonic compounds from 
the oil. By largely or wholly avoiding the use of the alkaline wash and 
substituting for it thorough agitation with fuller’s earth it is said that 
a better quality of burning oil or naphtha is produced. ^ 


Fuller’s earth, supix)sedly a bisilicato of alumina, or bauxite, clay, or chan^oal, 
either vegetable or animal may be used. Any of these substances, or a mixture 
of them, is pulverized and add(‘d to the acid-treated distillate and thoroughly agi- 
tated for about an hour. After such treatment and the settlement from the oil 
of thoj pulverized absorbent material, the oil is drawn off and will be observed to 
be deodorized, very much improved in color, and freed from sulphonic and other 

• acids as well iis from the separated tarry matter and other impurities. The dis- 
tillate is then ready for the market and will be found, it is said, to be better and 
purer than oil refined from like acid-treated distillate by the ordinary processes, 
'rhe proportion of fuller’s earth to be used depends upon the proportion of 8ul[)huric 
acid which was originaUy employed in treating the dlstill.ate. When 0.0 per cent of 
sulphuric acid of 00° B<5. has been used, 2..5 per cent of fuller’s earth is used and 
ius the percentage of acid is increased the percentage of fuller’s earth is increased. 

Hall ^ describes a method of separating heavy and light hydro- 
carbons by a method which depends on physical adsorption. 

A heavy oil is agitated with a solution of a feiible alkali (e.g., lime 
water), using about 50 per cent of the oil and 50 per cent of a strong 
solution of the lime water. After the oil and lime water have bc'en 
agitated together, there is added to the liquid an amount of sulphate 
of alumina sufficient to combine with all the alkali (say about 2 per 
cent of the wc'ight of the oil) which produces a coagulation, a large 
amount of white curd-like substance being precipitated. This curd- 
like substance is then separated by filtration. From the remaining 

• liquid which contains about 5 parts water to 4 parts oil, the water is 
extracted by settling and the oil mass left is found to have a much lower 
boiling point, it is said, than the original oil used. The precipitate 
thrown down is a finely divided floccul(*nt deposit of aluminum 
hydroxide, which appears to have the characteristic of carrying with 
it some of the heavy hydrocarbons of the oil. By thia> method, it is 
stated the boiling point of an ordinary paraffin oil with a specific 
gravity of about 47.5^^ B6. has been lowered from 140° C. to 00° C. 
(284° to 140° F.) 

1 U. S. Patents 565,039 and 565,040, Aug. 4, 1896. 

2 See also Frasch (above) U. S. Patent 561,216, June 2, 1896. 

* British latent 18,342, Aug. 12, 1913. 
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T. Hamilton ^ describes an unusual method for purifying petroleum 
and simultaneously separating it into light and heavy fractions without 
distillation. An emulsion of oil and brine solution is made and this is 
then allowed to drop through a pi[)e, thus being submitted to a sudden 
shock. It is said that the emulsion then partly breaks and that the 
lighter, purer and more volatile portions of the oil readily sc'parate and 
may be decanted off or filtei’ed. 

J. C. Whitman ^ uses a filter bed of bog iron ore for filtering petroleum 
oil to effect cheaper and more rapid filtration than is attained with 
fuller’s earth. 


Removal of Unsaturated Hydrocarbons 

Benjamin T. Brooks and Erwin Humphrey '' believe that the re- 
fining of c?’ack(‘d gasoline constitutes a sp(‘cial refining problem. The 
foul odor of cracked gasoline is, it is stated, not due to olefins, but to 
sulphur compounds, nitr(;g('n bases and traces of na])hthenic acids. 
It has boon found that very sweet, stable' gasolines may be made by 
treating with a small quantity (not over six per cent by weight) of 
8o to 00 per cent sulphuric acid, followed by washing with alkali in 
the usual manner and redistilling. This method of opei'ating is said to 
be sufficient to remove thoroughly tlu' most reactive' and objectionable 
constituents, i.e., tar or resin-forming diolefins and malodorous com- 
pounds. It is observed that Hall endeavors to accomplish th(' same 
object by distillation through fuller’s eaith, and .lustice^ s(‘eks to attain 
the same result by mildc'r polymerizing agt'nts, i.e., metallic chloi ides 
such as zinc chloride or ferric chloride. In the interest of consc'rving 
gasoline, the shortage of which, it is noted, will undoubtedly giow mor^ 
and more acute, it is recommended that the old suli)huric acid methods 
of refining should be discarded or modified, even if standaids of quality 
heretofore the rule have to be modified and based solely upon efficiency 
during use. 

The ‘‘ neutral alkyl sulphates ” left in motor si)ii it after refining 
with sulphuric acid arc considered by Brooks and Humphrey to be 
one of the causes of the instability sometimes noticed in these products. 
The neutral esters rapidly decompose at 140° (1. (284° F.) or higher 
temperatures,'^ but decomposition also takes, place slowly at ordinary 
temperatures, and causes the darkening of the oils on standing and the 
separation of a small proportion of a brown viscous layc'r containing 

1 J. 8. C. I. 1912, 324A, 977; U. S. P.atcnt 1,018,971, Feb. 27, 1912. 

2 Chem. Abs. 1919, 2594; IT. S. Patent 1,812, 375, Aug. 5, 1919. 

3 J. Am. Chem. Soc. 1918, 9.')2. 

4 British Patent 3572, 1914, J. 8. C. I. 1915, 1004, 
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a little free acid and much resinous matter. It is recommended that 
spirit and kerosene refined with sulphuric acid be always suteequently 
redistilled. 

Brooks and Humphrey ‘ have rfiade an extensive study of the action 
of concentrated sulphui ic acid on olefins with particular reference to 
the refining of petroleum distillates. From this investigation the 
conclusion is reached that when refining motor spirits or kerosene con- 
taining olefins, by means of strong sulphuric acid, complete solubility 
in the acid at ordinary t('mperatures is attained only by those grades 
which consist practically entirely of the lower members of the olefin 
series, while other grades which yield oily layers insoluble in the acid 
do so gather because the acid treatment is not carried sufficiently far, 
or because the spirit or keroseme contains a certain proportion of higher 
liomologues of the olefin series, paraffins, naphthenes, or aromatic 
compounds. In such cases if olefins were present in the original oil, 
the residual oily layer always possesses an increased spc'cific gravity 
and distillation tempera! ure. But it is observed that the refined oils 
obtained by treating spiiits or kerosenes with liquid sulphurous acid 
always possess lower specific gravities than th(' original unrefined oils 
from which th(‘y are derived. When refining by means of sulphuric 
acid, thcr(‘forc, two separate actions take place' concurrently accord- 
ing to Brooks and Humphrey; firstly the partial removal of the olefins 
from the spirits or kerosenes, thus tending to lower the gravities of the 
residual oils; and secondly, tlu^ polymerization of some of the olefins 
and the formation of nenitral alkyl esters, both of which products pass 
into the refined oils, tending to raise both their gravities and their dis- 
tillation points. The net result is that a rise of the specific gravity 
and of the distillation temperature takes place. 

The analytical determination of the amount of olefins present in 
motor spirits and kerosenes by treatment with strong sulphuric acid 
•is therefore not a (piantitativ(^ operation, but may and does nevertheless 
possess a considc'rtible tec.hnical value as an arbitrary test to assist in 
forming a judgment as to their origin. A closer approximation to the 
determination of the olefins in such hydrocarbons by treatment with 
sulphuric acid than is possible by the method ordinarily used, is to 
agitate the oil thoroughly with cold acid, separate the ac^tl layer, wash 
the oily layer w-ith water and tlnm with an aqueous caustic soda solution 
and with water again, then dry the oil and distill up to the highest 
temperature at which the original oil distilled before treatment; any 
residue then remaining in the flask clearly consists, it is said, either of 
polymerized olefines or of neutral alkyl sulphates or both, and its volume 
» J. Arne?. Chem. Soc. 1918, 822; J. S. C. I. 1918, 361 A. 
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should be added to the other loss observed on treating the original oil 
with sulphuric acid. 

Diolefins are considered to be sometimes present in spirits and 
kerosenes, especially those which havt been obtained by cracking heavier 
oils at unusually high temperatures, such as 600° to 800° C. (1112 to 
1472° F.). It is the presence of these diolefins which chiefly gives 
rise to the troublesome “ gumming ” from resin formation sometimes 
observed. Brooks and Humphrey, moreover, consider that it is the 
diolefins which, in contra-distinction to the olefins, give rise to tar 
formation when treated with sulphuric acid. 

Refining methods based on the us(i of fuller’s earth or the action of 
such mild polymerizing agents as the chlorides and sulphates of some of 
the heavy metals have recently been proposed.^ 

The refining of gasoline, naphtha, burning, liibricaiing and other oils 
and simultaneous production of a commercial synthetic resin by the 
action of finely divided porous substances at an elevated temperature 
is described by Leslie and Barbre.^ 

Oil is charged into a digestor provided with reflux and ordinary 
condensers and the polymerizing agent is then added. The latter may 
l)e fuller’s earth, kieselguhr, clay, charcoal, jx^wdered coke or the like, 
in admixture with an alkaline substance such as (‘alcium cai’bonate, 
weak acid salts of any of (he alkali or alkaline earth metals. Alternate 
refluxing and distillation is employed, that is the charge is first Ixiiled 
under reflux with subsequent elimination of some refined distillate. 
Refluxing is next employed at a temperature which is higher than in 
the case of the initial treatment under reflux on account of th(‘ elimina- 
tion of the more volatile fractions. Alternate refluxing and distilling 
is then continued until the refining, that is polymerization of unsaturated 
hydrocarbons, phenols, organic acids, nitrogen compounds, sulphuric 
compounds and the like has proceeded to the desired stage. The final 
product is given a steam distillation which eliminates heavy oils, leav- 
ing a residue which on cooling is said to be a synthetic resin. 

Hall 3 applies the continuous refining idea to his crude cracked 
gasoline. Fuller’s earth is the refining agent. This is kept at a tem- 
perature somewhat above the boiling range of the highest boiling dis- 
tillate contained in the gasoline to be refined say, a little above 200° C. 

1 Allgem. Ges. fur Chem. Ind. m. b. H. British Patent 3572, 1914; J. 8. C. I. 
1915, 1004; Report Hoc. Chem. Ind. lOLS, vol. HI, 00. 

2 U. 8. Patent 1,337,523, Apr. 20, 1920. 

’ Chem. Abs. 1918, 994; British Patent Application, Aug. 20, 1910; No. 12,100, 
Complete Accepted, Aug. 27, 1917; French Patent (Hall Motor Fuel, Ltd.) 483,231, 
June 13, 1917. ‘ 



REFINl]^ jllETHODS 121 

(392'' F.). Henco the refining cons/ts in the contact between the solid 
earth and the gaseous hydrocarbons This refining process, ifi common 
with other continuous processes Ioy refining gasoline, eliminates loss 
of light fractions. The methodife also said to be effective in refining 
fatty acids and naphthalene. ' 

In refining? crude spirit by distillation alone or with fuller’s earth, it Inis been found 
impossible, it is said, to distill the spirit without considerable loss of the low boiling 
fractions, i.c., the most valuable portion of the spirit. In some cases this loss has 
amounted to as high as 30 per cent. 

luillers earth, and particularly a variety of fuller’s earth, known as floridine, 
when maintained at or above the temperature of the highest boiling iioint of the 
distillate required, acts on crude cracked spirit passed through the adsorbing sul> 
stance^n the form of a vapor, without fractionation, in such a way that an inodorous 
motor fuel can be obtained, it is stated, with practically no loss of the low boiling 
• fractions. 

The explanation of this result appears to be, Hall states, that when a crude spirit 
is distilled cither with or without fuller’s earth from a still, the low boiling fractions 
come over first and these cannot be condensed owing to the fact that insufficient 
condensable matter comes over with these gases to hold the gases and permit them 
to be condeiis(‘d. yVccording to the process dascribed practically all the fractions of 
high and low boiling point come over together so that there is a sullicient amount 
of reAdily condensed product to hold and condense the gases. 

In carrying out the process the spirit is heated so as to cause it to vaporize 
and the vapors produced are led through a number of columns of fuller’s earth in 
succession, the fuller’s earth being maintained at a ternpiTatiirc of about 200° C. 
(392° F.) by the arrangement of the columns of earth in an oil bath maintained 
at a constant temperature. The maintenance of the temperature may bo secured 
by siqierheated steam. The, spirit obtained by condensation of the vapors, so tnvated 
has lost the characteristic odor and color of “ cracked ” spirit. The fuller’s earth 
becomes gradually less active and after a certain time loses iks effect. The spirit 
may be preheated and preliminarily treated by pjissing it through a column con- 
taining coke and heated by the oil balh or even through a column containing 
Raschig rings, i.e., rings of wrought iron similar in appearance to T' slips of bicycle 
tubing, which act as a very efficient dephlegmator and preheater assuring that the 
crude spirit up to the temperature desired is completely vaporized. 

In Figures 20 and 27 a tank A is erected over a furnace B. ^\'ithin the tank A 
are a series of six columns (B, C^, C®, connected by a system of piping in 

such manner that the series of columns may be connected in any desired order and 
any column cut out at will. Of this series column is filled with Raschig rings and 
- is always used as a dephlegmator and preheater, a cock being provided at the lower 
end of the column for the removal of any material in the spirit boilijig at a tempera- 
ture higher than that of the bath. The spirit is introduced near the bottom of 
column CA from a coif D of piping surrounding the column (A , this coil being arranged 
to insure thorough heating of the spirit before its introduction into the column Ck 
The columns CA, C^, (A, ( 7 ®, C®, are filled with fuller’s earth and the spirit, in the 
form of vapor taken from the column C\ is led through the pipe F to the column (A. 
Owing to the low heat conductivity of the fuller’s earth and in order to heat this 
material throughout the crude spirit gases arc passed through a triform series of 
pipes to the lower *end of the column and allowed to pass upward through the 
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fuller’s earth and by way of the outlet\oipc to the next column which is also 
provided \v’th triangularly disposed pipei and so on to the next column in suc- 
cession and finally to the outlet. i 

For a certain period of time column Cl will deliver water white refined spirit, 
but after the end of this time the product \Jrom this filter is slightly tinged with 


m 


yellow. The giises are then passed through column (7^ which, only having a small 
amount of work to do, remaias in an efficient condition for a very much longer period 
of time. When the column delivers slightly tinted spirit the column ('* is in- 
cluded in the series, and, even when C* develops the same tine, the spirit issuing 
from column C* is still a great improvement on the spirit entering, proving that the 
fuller’s earth is still doing good work. With the design of the apparatus shown, it 
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is found that, when the column U® is sdrtcll the column (7^ will have been used up 
and it will then be possible to expel thci contents, fill it with hot dry fuller’s earth 
through thf? manhole G and then allow it Ai rest until it is necessary for it to be drawn 
into the cycle of operations again. BctweVi each column there may be a small test 
cock and a condenser so that, when the iSunt is in operation, colour tests may be 
made to determine the quality of the spirit parsing through any one of the filters. 

Each column is provided with a manhole G. The chemical condensation prod- 
uct produced by the action of the crude spirit on the fuller’s earth is quite liquid at 
the temperature at which the bath is maintained, and during the distillation may be 
drawn away by means of the cocks provided at the bottom of the columns. By 
this method of distillation, the light and heavy portions distill over together and 
therefore any efficient form of cooling device is sufficient and the loss of the lighter 
fractions avoided. When the ajiparatus is once in operation the amount of gas 
required to keep the temperature constant: is comparatively small. Clas fuel is 
used in the furnace shown, bccau.se it is one of the products of the cracking i{)roce.ss 
and so easy to regulate in practice. As a maximum it is not necessary to use more 
than 20 pounds air pressure or a pump working at n maximum of 20 pounds iiei" 
square inch to overcome the back pressure of the spirit passing through the refining 
apparatus. CJirds (not shown) inside each column support th(* fuller's earth, so that 
the condensation product can drain away and be tapped off. 

T. T. Gray ^ purifies volatile hyclroearlioiis by passing them in a state 
of vapor through a mass of porous material possessing absorbing powers 
such as fuller’s earth at a temperature above the boiling point of the 
vai:x)rs, for the purpose of removing unsaturated compounds and other 
reactive compounds. 

Frasch ^ treats Beaumont burning oil with alcohol to remove 
smoky ” hydrocarbons. 

C. K. Francis tind D, G. Morgan ^ describe a method for refining 
cracked distillates, by treating the material with a sapomiceous mixture 
containing an excess of alkali and distilling the mixture. The tn^ating 
solution may be formed of fat 2, caustic soda (NaOH) 0.3 and sodium 
carlx)nate (Na^C/Oa) 3 parts. Water white products are said to be 
obtained in this manner. 

A. L. Thompsen * produces light distillates for use as turpentine 
substitutes by distilling petroleum at 95° to 110® C\ (203° to 230° F.) in 
the presence of soda solution in the proportion of 3 parts soda and 300 
of water to 100 parts of oil. 

C. Ellis ® observes the difficulty of obtaining a light colored or water 
white gasoline from cracked oil containing large amounts of readily 
oxidizable unsaturated hydrocarbons where strong sulphuric acid is 

1 IT. S. Patent 1,340,889, May 25, 1920. 

2 U. S. Patent 951,272, Mar. 8, 1910. 

3 Chem. Abs. 1919, 2760; IJ. S. Patent 1,313,629, Aug. 19, 1919. 

4 (’hem. Abs. 1919, 2276; British Patent 126,089, May 3, 1918. 

® U. S. Patent 1,318,061, Oct. 7, 1919. • 
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used for refining purposes. Not oily Is the strong acid itself discolored 
but its action imparts a dark color to the cracked naphtha. This is 
explained by the formation of gasol/ic soluble dyestuffs. Elfis refines 
cracked gasoline with dilute sulfuric acid, of say 40-70 per cent 
strength, the precise strength bc^ig found by control tests on the oil 
which is being handled. One form of treatment involves the use of 
about 5 per cent of sulphuric acid of fifty per cent strength. Suitable 
treatment of highly unsaturated gasoline with dilute acid followed by 
a “ sweetening with caustic soda and the customary water wash is 
said to result in the production of a stable, water white gasoline al- 
though it may still contain a large percentage of unsaturated hydro- 
carbons. Ellis also not('.s that gasoline suitably n^fined in this way 
and containing considerable percentages of unsaturated material is 
more respoasive to the throttle when used in automobiles than a satu- 
rated gasoline of the same gravity (c.g., 54"^ Be.). This is on account of 
its grcMiter volatility, more rapid diffusibility, lower flash point, greater 
eas('. of ignition and apparently more effective combustion. 

As regards the superior qualities of eraetked ” over “ straight ” gasoline, 
when used in motors Hall (see chapter on Hall process) makes observations similar 
to those of ElLis.^ 

G. Eglofif^ states that estimates showed that a])proximately 70,- 
000,000 barrels of gasoline wore used (in tlu' U. 8.) during 1917. In 
refining gasoline an average of one pound of sulphuric acid, 0.1 pound 
of sodium hydroxide and 0.75 barrel of water for washing are stated 
to be us(h 1 per barr(4 of gasolin(\ This treatment means a loss of at 
least 1 per cent. Using th(^ abov(^ (‘stimate this would mean a loss of 
700,000 barrels of gasoline, the use of 35,000 tons of sulidiuric acid, 
3500 tons of sodium hydroxide, and water for washing. The acid 
treatment increases the cost and is vsaid to add little to the value of the 
product. The unsaturated hydrocarbons removed are stated to have 
greater driving power than saturated or paraffin hydrocarbons. There 
should be no objections to the us(‘ of gas{)lin(' with a slight color and 
odor; hence he affirms it should not b(^ lu^cess iry to refine even cracked 
gasoline. Egloff maintains that conservation demands that gasoline 
should not be treated. 

The burning oil fractions of Beaumont oil, according t(f C. 1. Robin- 
son ^ contain hydrocarbons characterized as “ smoky.” These bodies, 
it is said, can economically be removed by treatment with 98 per cent 

1 See also Ellis, U. S. Patent 1,318,060, Oct. 7, 1919. 

2 Chem. Abs. 1917, 3425; Oil and Gas J. 1917 (16), No. 11, p. 32; Chem. Met. 
Eng. 17, 156. 

8 U. S. Patent 968,^92, Aug. 20, 1910. 
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sulphuric acid, whereas they resLt iction by ordinary 66° acid in 
the customary treating method. Vurther acid economy is said to result 
by distilling the oils (treated witV 98 per cent acid) leaving a liquid 
residue of treated oil in the still. \ 

H. T. Maitland^ departs fromVhe usual procedure followed in 
treating distillates with sulphuric acicl. lie subdivides or atomizes the 
acid in such a way that a definite weight of 
acid is given a very large, effective surface. 
This is said to result in an economy in the 
use of sulphuric acid. 

It is stilted that the action of the sulpluiric acid 
(which is not miscible with the oil) upon the unsaiii- 
ratcd liydrocarbons is larj;oly, if not wholly, superficial. 
That is, the acid, when agitated with the oil, is divided 
into a large number of jiarticles, many of which are 
quite large and which are quite visible to the naked 
eye; and these particles act, not to absorb or react 
with the impurities which it is desired to remove, but 
to catch tluun and liold them upon their surfaces. 
In other words, the impurities do not either combine 
Fig. 28. — Maitland’s treat- with or penetrate the entire mass of the acid, and the 
ing apparatus. etfective action of a large portion of the acid is there- 

fore lost. 

Concerning the application of the liquid sulphur dioxide method to 
the refining of naphtha and other distillates, Moore, Morrell and 
Egloff 2 have carried out an interesting series of investigations on the 
subject and come to the following conclusions: 

(1) Naphthenes, which the literature states ar(‘ insoluble, may be 
completely dissolved in sufficient quantities of the solvent. 

(2) It has been found that, within certain limiting concentrations, 
(a) aromatics may be separated from paraffins or nai)hthenes, (/j) ole- 
fins may be separated from paraffins or naphthenes, (r) aromatics and 
olefins together may be separated from paraffins or naphthenes, 
(d) naphthenes may be separated from paraffins.'* 

(3) The application of the liquid sulphur dioxide method to analyti- 
cal work on oils is of importance since the separated unsaturated or 
aromatic hydrocarbons may be recovered and their identity proven by 
further physical te.sts. In sulphonation for olefins and nitration for 
aromatics these oils arc lost. Moreover, naphthenes may be s(‘parated 

» U. S. Patent 1,272,979, July 10, 1918. 

2 Met. and Chem. Eng. 1918, 396 ei seq. 

® The work of Walden (Her. 1899 [32] 2802), Edeleanu (Bull. Am. Inst. Min. 
Eng. 1914 [93], 2313) and S. E. Browery (Pet. Rev. 1917 [36] 351, 385, 401) is 
noted. , 
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from paraffins within prescribed llmks, a fact that will appeal to the 
oil analyst. J ^ 

(4) The application of the sulfur dioxide method to oil refining 
may prove of importance since the valuable aromatics and unsatiirated 
hydrocarbons are recovered, the ijpfined oil is purer than the acid method 
yields, and the sulphur dioxide may be applied and recovered in a con- 
tinuous cycle 

J.* C. Black ^ treats oils with sulphur dioxide, under pressure. 
The products separate into two layers. The bottom layer is with- 
drawn and its gas pressure reduced, which causes it to separate into 
layers. The second bottom layer thus formed is removed and relieved 
of its gas pressure. The first and second top layers also are fre'ed from 
absorSed sulphur dioxide, and then are mixed together and further 
• freed from residual sulphur dioxides and the to[) layer mixture and 
second bottom layer are separabdy collected, the sulphur dioxides 
being rtaised in treating fresh crudci oil. 


Distilling and Fractionating Methods ^ 

J. B. Grant and A. Mason ^ subject crude petroleum to an instan- 
taneous vacuum distillation with the aid of steam. The oil is injected, 
by means of high pressure steam, into a lu'ated retort in series with 
a surfii(;e (;ondenscr and vacuum pumps. A largo yield of high grade 
illuminating oil is said to be obtained. 

A. W. Wilkinson ^ uses gases such as carbon dioxide or monoxide, 
hydrogen, natural gas or light hydrocarbons in place of steam in dis- 
tilling ])etrol(‘imi, in order to obviate the difficulties which, it is ob- 
sc'rved result from the persisbmt emulsions resulting from the use of 
steam. 

Ragosin ^ uses a hydrocarbon gas, for example, benzol vapor, in- 
,st(‘ad of steam, as an aid in the distillation of petroleum. He also 
emj)loys dephlegmating ‘‘ towers.” Figure 29 shows two of these 
towers. 

1 U. S. Patent 1,104,102, Dec. 14, 191.1. 

For a very exhaustive account of cotninercial refininj' and topping plants 
ttie reader is referred to a monograph on this subject by J. M. WadsA^orth. (Bureau 
of Mines Bulletin 102, 'Removal of the Lighter Hydrocarbons from Petroleum by 
Continuous Distillation with a Special Reference to Plants in California, 1919.) 
Plants operated by the methods of A. F. L. Bell, I. W. Fuqua, E. I. Dyer, Prutzman 
and Trumble arc described as well as the Brea and Brown-Pickering plants. 

3 U. S. Pakmt 3.39,.54.5, April 0, 1880. 

4 U. S. Patent 14.1,707, Dec. 10, 1873. 

B British Patent IMl Jan. 18, 1898. 
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pa.ss(‘s tliroiijjjh a lieat (*\(“lian^(‘r through which Idw lc^t ilishllalc' is 
passint^ on its way to tlic dcphlc^nator. The apparatus caiT lu' uscmI 
(Mlually well, with sonu' inodifieatii.ns, for working; uj) li^ht or hc'avy 
naphthas or fj:as oil.* Its pur|x)S(‘ is to (‘iTect a rapid volatilization of 
naphtha in such a way that any ^iv(*n volume of distillatt' hein^ lrt‘at(‘d 
is sul)j(‘eted to heat for a very short linu' and is theri'fon' much h'ss a))( 
to 1){‘ darkeiK'd by (‘\j)oMir(' to hi'at than in di.M*ont inuous nu'thods 
wIh'K' a lar”:(‘ voIuiik^ of oil is ('\pos(‘d to h(‘at for a ri'lalivi'ly lon^ tinu'. 

It oh'^tTN <'(I tli.'it Hi the fi:u ti(»ii.ili(ni of rrudr ju t rolouiii l)\ (list illaf mil lli(‘ 
(tpcral mil (Mil Ix' so (•on(lii('t(‘(l as to m\(‘ hiiriiiii^ oil distillate, lia\iiiji; as it eoines 
fioiii the ( lid of the c aideiisc i tlu* tin' t('st (K'sin'd. Imt in pKKa'i'dinn in tlii.s wav 
jHior toutin' r('eo\(*r\ of this hifih-ti'.st di>lillat(‘. tlii'n' would lie n'ceiM'd a produet 
too ll^:ht to he hiiiiied 111 a lamp and too heaw l(»r ux' as n.iphtha ( Ix'ii/iiu'), Net 
font iininiJ: deoiahle portions of hiiininii; oil and naphth.i It ha.s l>('('n tin* practice, 
thcK'foK', to conmienc(' the colle(tion of distillate foi hniniii)' oil while the nmri' 
Nolatlle coii't It iictits of the criid(‘ oil ale atill coining; o\ei. and to lesoit to a siip- 
pleiiieiitarN distillation to ieino\e tlii'x' c<»nstituents, oi, in other words, to laise 
till' liie tes' o| the hiiiiiiiin-oil distillate 'I'Ik' paiticiilai points at which t Ik* col- 
lection of this distill ite shall lu'^in and end and in what in inner the distillation is 

to Ik' condui-t('d an' dcti'i'iiiiiK'd h\ tli(' judiiincnt of th(' nianufactuier, rdin^c 

to till' chaiacti'r of the pnahicts which he is making and otlx'r eoiisiih'rat mils, and 
he iiiaN collect this huinin^ oil distillati' in fractions, one or inoie of which would 
!)(' of till’ jHoper liie test as it caiiic from the condenser and these could he mi\ed 
with the ii'iii tinder of low hie t('st after this h.as heen depriNi'd of its nmie \olalile 
constituents, hut in piactneall tlu' distillate f(*i t he pal t iciilai i;rad(' of hill iiiiiif oil 
hemp: iiiaiiiifacturi'd is collected oi iniM'd topc'tlii'r and subjected to the ojicralmii 
for laisinp: the file ti'st , 

In Older to separate liphtcr oils from tlu' hiirninp oil fiaetion resort was first, 
had to a partial disiill.tlmn h\ liie lii'at m (ndei t(» laise the file test, hut while this 
w;is ('ffective ill this lepaid, in Usin^ Ini' undei the still thi* hoihnu point of tlx' 
more volatile constituents w.as so hip;h that a pol\ inei i/at mn set in with an acconi- 
paiiMiip: coloriiip: of till' distillate, which made the suhse(ju<‘iil treatment with ticid 
vcr\ diflicult. In fict, some oils subjected to sin h supplemental \ file (list illat mn 
could not he made white at all 'To remo\e this difli(ult\, the supjileiiK'iit ar\' dis- 
ftllatmn for flie test was cfTi'cted h\ ste.am, the distillate of low test hemp hioiipht 
lilt ) contact with free steam. \ arioiis |»rocess(>s and apparatus havi' been proposed 
for such sleain-slillmp, hut it is not('d th.at the cuireiit procedure was as follows: 
'riie low-test distill. it(' was phued Hi a larpe still, h;i\inpa capacitv in laipe lefiiieiK'.s 
of from two thousand five hundred to four tlious.ami barrels, and piovided with 
steam coils, sonii' of tliem closed s<, as to raise the temperature h\ dr\ l’‘'at and others 
IM'iforated to allow fii'c steam to enter the oil 'The still was also |)rovi(led with a 
small rectifyinp (’(dumn, Ihroiiph N\hieh llii' vapors passed on their wa\ to thc' eon- 
dcn.si'r. When the sfiH was filled, the steam was let on at (irst into the closed coils 
and then into the jxrforated coils also and the he.atinp and steaminp were continued 
until the distillati' w.is hroupht to the [iroper lire test, which, m the case of the larpe 
stills above mentioned, would take about two daNs Then the distillate had to be 


‘ 8ec*also U. S. Patent St.y7.'15, Feb 2(i, PM)7. 
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rr)<)l(‘(l down prcpanitorv for ln‘atin<‘nt with acid, the .still w:us refilled, and its con- 
t(‘Mts heat^l and steariu'd jus Ixdore. During the st(‘am-stilling the steam would 
rairv over more or loss of tlic liurning oil, which would he recovered by the rectify- 
ing column and n‘lurned the .still 'Hus procedure i.s objectionable as well be- 
cause the prolonged subj(‘ctit)n of the distillate t<i the t(*inj)erature of th(‘ .steam makes 
llu‘ color .soiiH'svliat dark(‘r and the distillate harder to treat with acid and also be- 
cause a great d<*al of tune is lost ami heat wastisl. 

hv the method d(‘scribe<l by t'ra.sch the low-test burning oil distillate is sub- 
jccleil to fre<‘ st(‘am, with or witliout being e\pose<l at the same time to tlie dry heat 
of cloM'd colls, ami the ri'sultmg vapors are liroiight into repi'ated contact with a 
stiu.im, more or less broken U[> and dilTused, of prelimmarilv lieated low' test dis- 
tillate mmgli'd with hot water, 'fins .stream, constituting the suiiply of distillate 
to be raised 111 (ire te>t, «ir at leiust a c<msid(‘rable part of the supiily, is heated best 
bv heat deiived from tin* hot high test distillate from whicli tlie moie volatile por- 
tions have l)(M'n sep.aialisl d'h<‘ hot w'ati^r witli wlmdi (he stri'ain of di.stillati' is 
mingli'd is water of comhaisation from neatly tlie w'iioh' of the injected steam. I he 
watiM- w'hicli K'turiis along with (lie stream of ilistillati* is si'parated b\ .si'tthiig and 
decantation within tlie still or in an outside r(‘c(‘ptacle. lU this pioci'ss in older 
(‘Ib'ctively to driv(‘ olT lli(‘ low boiling products, which inav con^tituti' twenty ]H*r 
cent, inoK' or h'ss, of tin* low’ test dist ill;it(‘, (Ik* latter ms'd be ki'pt at a steam heat 
only lor a short tiim* (umler two hours -steaming for a fi*w' minutes, not over 
fiftet'ii, having, it is said, given i‘\celli‘iit. results), so that tlu* alteration in color can 
b(' reduced to a miiiimuin, and, m fact, becomes liardlv jx'rci'ptible d’luis to 
shorten the tune of sti'ammg, the \olum(‘ of distillate* is limited K'lat iva'ly to the 
voluiiK' of sb'am admitteMl, but it follows from this <*om‘(‘nlialion of tin* eni'rgv of 
the steam on so small a voluiiu' of ell'll ill.ite (hat tlu* n'siiltmg vajiois contain much 
more' buimiig oil than tliosi* givi'ii olT from the very much huger volume of distil- 
late subjecti'd to sti'ain iii the pna’isliire' indicated abovi* Hv bringing tlu'.si' vajiors 
repe'atedlv into contact with tin* stream of prelimiiiai il\’ lu'ated low test de;tillat(' 
miiigh'd with hot water there takes place* a frae*tiem.d e-oiideiisation w’lii(*li caus(*s 
most of the* burning eiil tei be*e*e»me‘ ceimle'iise'el ami unite*el m this stream eif distillate, 
while* allowing (he* more veilatile* e*e)nstitue‘nts (leiw' boiling proelucts) to ])a.ss awav 
ami, if iie*e*e's.sai \ . the* vapors e*an be* subj('c(e‘el to further e*e)e)ling, with the object 
eif e*e)llec(mg am re*mammg peirtieuis lit feir buining eiil eir eif .s(*parating the vapors 
intei varieius graele‘s eif naphtha. 

'I'lie pre*hmmai\ he*atmg eif the lenv te‘sl elistillate is important in order that it 
mav iieit e’eimle’ii.se* the* leiw beuliiig pi’enlucts. I’ractically a t(*mperatur(* of abend 
I 7 (d 1 *’. (, 77 ’ (‘ ) will be suitable* feir raising the elistillate tei l.'itT F ((i()°(\) lire* t(*st 
ami e*an be* e»bfame*el b\ re*ceiv<*rv eif lie'at freim the high test distillate hot freim the 
ste'ammg eipe'ratiem, but a l(*.ss eir even a gre*ater ele'give eif pndiminary heating can 
be* ivseirte'el tei 'riie pr(*.se'm*e eif the e‘einsiel(*rable veilume eif Jiot water is alsei im- 
portant 111 e*e)uali/.ing the he'al becau.se of its high specitie* heat, anil in modifying the 
conilensing ope'-ration. The contact of the vapom with the stream of distillate not 
only has the e*tTee*( of condensing a portion of the vapors (including the steam), but 
also of ev.iporatmg a portion of this distillate, .so that the heat of the condensed 
vapors is utilize'el in aiehng (he distillation 

In subji'e'ting the elistill;»te to the free steam they may be brought together, 
in the same manne'r in whii*h the low te'st distillate and the oil vajiors are brought 
into contact with e*ach other; but it is an advantage to admit the free steam into a 
traveling boelv of elistillate at intervals 111 its hue of travel, t This body of distillate 
is supplied by a stream of di>tillate to be steame'el at one end and discharging in a 
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«troain of stcaniod at the other More(»ver. it is of further advaiitano to 

divide tiie traveling l)o«ly into a sueee.ssion of two, three, tir iiioiv eoiuimiiiieatin^ 
pools and to make these pools dimmish in di‘pth, so tliat the removal*of the last 
portions of the low boiling ppuluets takes plaee fiom a shallower la\er than that 
(or those) from whieli the earlier portions are removed and that eoiiseijiientlN there 
IS less danger of retainint' low hoihnji products ui the distillate. 

'Phe apparatus as a whole eonsists. sei* I'l^ dO. of a distillinn ami rectifying 
column d. having a siipjilv pipe d* (»peninn udo its upper ])art. a rectifMUH column 
B, dlscha^t^ulK its products of (“ondensation into th(‘ upp<‘r ])art of column d, a hori- 
zontal still (\ which n'ceives the lujuids from column d ami is provided with closed 
steam coils and jx'rforated sti'am coils ami also with a draw’-«tlT for the' watiT, and 
a heat exchantier I) conmrted witli tli(‘ outlet from still (' h\ the pipe <i, drainage- 
tank (I, pump E, and ])i|)e (\ and with the upper part of tlu‘ column d bv pijie 
db The heat e\chanti;er is provided with an outlet <l for tlie lii^h test ilistillate 



and an inh't c for tli(‘ low test distillate whose liie test is to be iais(‘»l in the column 
d and "till (' and winch is pri'liimiiarily heatisl in the heat exchanger I) by taking 
Uj) the heat from the high test distillate, ami so cooling the latter on its way 
through the heat exchanger 'I'he pumps 1C and /•’ move the high ti'st and the low 
te>t distillate, r(*spectivelv, in opposite directions through th(‘ heat exchaiigcT. 'The 
• small pipe / is for equalizing the pressiir(*s in the still (' ami tank (I. 

'The rectif\ ing column B is provided with a wat(T j.acket <i A spc'cial jacket, 
however, is not necessarv to the reclif\mg action sinc<‘ it suflic(*s to have the 
vapors repeatedlv brought in (‘ontact with returning condensate from higher jiarts 
of till' rectifvmg column 

At h IS an additional supplv |)ipe (MitiTing the up|K‘r part of the rectif\mg col- 
umn B for discharging distillati* into it It can be useful! v emplov>d, for exampl>‘, 
in filling the .apparatus with high test distillate m si.-irting. or it can be used to in- 
troduce low test distillate then or during tin* opiTation, the distillate in lather case* 
b(*mg prelnmiuirilv heated or not as th(* case ma\ be 'I'hi* va|»or outlet /; from this 
rectifiiT B can be connected with an ordmarv condimser (not shown) 

'riu* cohimns d and are dividisl, as shown m I’lg dl, into a iiumlxT of charnberfl 
by h irizontal partitions which are perforated and provideil each with a pipe, b(‘ll 
and overflow' pipes. • 
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The still r/, as shown in Figs. 30 and 31 holds liquid which travels horizontally 
through it, being supplied at one end by the stream from the column A through 
tlie lowcrnfhst pi[)es ni, and discharging in a stream at the other through the pipe a, 
Fig. .'K). At intervats arc darns or partitions o, Fig. 31, to divide the traveling body 
of lirpiid into a .succession of [roots, which communicate by overflowing one into the 
other. This .separation into [roots aids in keeping the dilTerent parts of the body of 
li([uid, which have been subjeeted tir different degrees of sti'aming, better sejrarated 
fnrrn one anoth(‘r. Jty making the dams or [rartitarns o, Fig. 31, diminish in height 
toward the outlets, Fig. 30, the lurri/arntally traveling body of liquid diminishes 



''P q-' ^ ' 

Fig. 31. — Steam still, accirrding to Fnvsch, .showing arrangement of “open” 
and “dry” steam nrils. 


'Pile water wliich is delivere<l with the oil from the column A settles tir the hot-* 
tom of the still F and if not <rtherwise tlispirsed (rf vsould till the pools to the to[rs of 
the dams n. To allow it t<r [r.a.ss from one [wrol to the next, each dam (exce[rt the 
last) is [rroviiled at the bottom with an (rpening. From the [rool next the outlet a 
the water can be discharged by the draw-<rff p, Fig. 31, whicli is jirovided with a 
swinging arm that can be* turned to raise or lower its open outer end, and sir determine 
the depth at w^ich the layer of water under the distillate shall stand. 

In each eonqrartment irf the still (\ except the small one drained by outlet a, 
arc a cUrsed steam coil and a jrerforated coil. The closed coil is supplied from the 
main with exhaust steam fnrin engiiu's used to siqrply power at the works, and 
discharges into the dram pi[x* q The perfirrated otril is supplied from the main q ' 
with live steam. 

The heat exchanger D, Fig. 30, consists of a number of connected elements, 
as many of these Ixang used as may be judged useful to transfer heat from the 
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outgoing high to the entering low teijt distillate, say ten. Each eleiiient re- 
sembles a tubular boiler or condenser in that it consists of a nuralyr of tuboa 
between the partition plates of a shell. The shell is thus divided into two com- 
partments or chambers by the partitions and the tubes, and the comj)artments are 
connected by the pij)es into two series, so that the high test distillate starting at 
one end of one .serias may pa.'-s over one surface of the tubes (but inside, as shown), 
while the low test dwtillate starting at the other end of the otlier series pjisses over 
the other surface of the tubes (outside, as shown). 

In#raising the fire test of burning oil di-stillate with this apparatus the stream 
of low test distillate passes over the heat-conducting w'alls of the heat exchanger 
D in the opposite direction to the stream of high test distillate from the still 
so that in cooling the latter distillate the former is heated preliminarily to if.s in- 
troduction into the dustilling and rectifying column .1, .say to 170° V. (77‘'('.), or 
more or lass, according to circumstance.s, but most advantageously above the tire 
test t(^be secured in the distillate. The preliminarily heated distillate finl into the 
upjier part of the column .1 descends through it and supplies the body of distillate* 

* in the still ('. This being supplied at one en<l by a str<*am and discharging at th<‘ 
other end in a stream travels after the manner of a river and is .subjected to fns* 
steam from the perforated coils at intervals in its travel, while at the .same* time' 
it IS heated by the dry heat of the clo.scd coils. 'I'lie vapors resulting from the 
action of the* free steam (auhal by the dry heat) pass U|) through tin* column A and 
are repeatedly brought in contact with the stream of jirehmmarily heated distillati* 
until they jiass into and through the rectifying column H, and so on to th(‘ (‘on- 
(lenser or conden.sers (not shown). ;Vs the vapors ri.se the chief jiart, or, in fact, 
nearly all of the steam from the perforated coils, is condensed, and mingling with 
tlu* stream of pn'liminanly heated distillate forms part of the stream wuth which 
the later rising vapors an* continually brought into contact, 'ria* oil condens(*d 
from the vajxirs also rningle.s with the striiam, and a.s it de.sc(*nds is r(*evaporat(*d 
more or le.ss, so that tliere are rep(‘ated con(h*n.sations and reevaporataais, such that 
the oil-vapors from the still (' are rectitiod and a naphtha .suitablv free* from prodiK’Is 
fit for burning oil is olitaini'd Tlie rising vapors, which are acted upon by the 
incoming distillate (as also bv the hot w'ater and oil from condi*n.sations liigher up 
in the columns) lus a condensing agent, act m turn to va|H)rize som<* of the distillate, 
the vapors thus formed mingling with tho.se from the still (' and being rectiru‘d along 
with them Thus there is in column .1 both distillation -of the incoming jirelirni- 
narily heated distillate — and rectification — of the vap<»rs from the still f/ and from 
.distillation of the incoming distillate m the column A. The vapors are subjiaded 
to a further rectification in the column li. 

The body of oil in the still T is limited relatively to the voluim* of steam admitt(*d 
through the perforated coils, so that all the hnv boiling products are removed in 
a short time. The rectification in the columns .1, H .serv(*s to n‘store the products 
fit for burning oil which are evajxirated at the s.ami; time by this rapid action of 
the free steam. • 

vVssuming that the dams o, hdg. 31, am respectively twenty, twenty-four, twenty- 
eight, and thirty-two inches high and are Unaited in a cylinder of five feet internal 
diameter at such places as to form compartmentji each nine and a half feet in length, 
it Is recommended to use pijx^ for coils as follows, namely: in the first compart- 
ment, two hundred and thirty-eight feet of one inch wrought iron unperforated 
pipe for tlie closed coils and fifty-four fe<*t of wrought iron perforated pipe for 
the open coils; in the second compartment, two hundred and four feet of one inch 
unperforated pipe and thirty-six feet of one inch perforated pifie; in the third 
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(!()mpartmont, one hundred and fifty-three feet of one inch unperforated pipe and 
twenty-f«;ve4> feet of one ineh perforated pipe, and, in the last compartment, one 
hundred and nineteen feet of om* inch unperforated pipe and eighteen feet of one 
inch perforated pipii. The perforations may be one-eighth-inch diameter, twelve 
mch<‘s between ctuiters, and may be located on the under side of the pipes. The 
closed coils should be sup{)lied with exhaust, the open coils with live steam. 
The supply of low test distillate is so regulated that enough to fill the oil spaces 
of column .1 and still (! will be introduced by pine A‘ every fifteen minutes. The 
sufiply of free steam is regulated to give; oil of the desired fire test, and th? tem- 
|)erature of the liquid in the jacket g is sufficiently below the bf)ilmg-point of water 
to prevent the passagi* of burning-oil hydro(*arbons through tin; column B. 

In raising its (Iri; test about twentv |)er cent of the low test distillate may or- 
dinarily b(‘ separated its l(»w boiling products, but the percentage may vary. Thus 
if the ct)inposition of the I )W test distillate should vary, cither fn)m difference in 
the crude oil or in the proce-ss of distillation, the removal of a greater or a Uiis per- 
centage of naphtha might be necessary in order to have burning oil of the same fire 
test; but a variation may also result from a variation in the manufacturer’s wishes 
with r(‘spect to the grade of burning oil to be obtained. For some' gnules a lower 
fire test sul!ic(*s than for others, and the manufacturer frerpiently desires to retain in 
the liurning oil the lowest boiling products which would be (‘onsistent with the de- 
sired lire test. The terniierature of the lupiid in the jacket (j is adjusted to prevent 
these latter products from passing over with those whose presence in the burning 
oil would prevc'iit it from having the desired fire test 

'riie temperatun's in cohiinns .1 and B are such as to effect the condensation 
of the cliK'f part of the steam h‘t into the perforated coils of still C. The tem- 
perature in tiu' still (' IS about that of watcT vapor under the barometric; pressure 
inside the still -about 212" K. (KKF (’ ) whem the pressure in the still is not reduc'cd 
bc'low that (»f tIu' outside atmosphere. 

'riic' hori/-ontallv-travc*ling body cjf oil in the still (' being dividc'd into a suc;- 
cH'ssion of communicating pools by the dams, the different parts are kept separate, 
and the dams bcang of diminishing height the pools are of diminishing depth, so that 
the frev steam has U'ss oil to pass up through - a condition which is belic‘vc*d to con- 
duce to the etlicicmcy of its action. In sti*ammg the oil in the still it is also an 
advantage to decrc'ase the volume of frc'c steam per cubic foot of oil as the latter 
approachi*s the outlet u, Fig ,‘U), bc'caii.se, the content of low-boiling products be- 
ing Ic'ss, It is not c-onsiderc'd desirable to evaporate so large a proportion of the oil 
as in the earlier [lortion of the steaming o|)eration, when the' proportion of such , 
products is givatcT. 

As shoNMi, the length of perforatcsl steam c*oil is greatest m the pool next the 
column A and decrease's m order, being least in the i)ool next the outlc't u, and this 
decrease is in grc'ater ratio than the decTC'ase in the cubic*al c'ontc'nts of the pools, 
due to their diminishing dc'pth toward the outlet. The volume of free steam dc- 
ert'ase^ also, as^hown, with referencr to the scpiare foot of exposed upper surface 
of the licjuid Ix'ing steamc'd. 

Van Dyke aiul Irish doscribe a combination of still and condensers, 
which is used l)oth for the distillation of gasoline and kerosene and 
also for lubricant and wax yielding oils. The design of the various 
parts is stated to result in a clean cut separation of the desired fractions. 
For example, contamination of water-white burnhig oils with more 



HEFlNIXCi METHODS 


135 


highly colored hydrocarbons is said to be avoided. Condensation 
takes place entirely outside the still, i.e., the still is thoroughly and 
completely insulated. A special form of air-cooled reflux condenser 
is one of the features. This enables the rate of distillation to Ix' jis 
rapid as necessary but nevertheless is said to insure a good separation 
of the various fractions. Since the same still is us('d l)oth for obtain- 
ing light oils and also for coking purposes, no loss due to transfer of 
residuubi is occasioned. 

RoferrinK to some of the more recent methods for th<‘ distillation of petroleum in 
the form of undLstilled nwidues containing all. or nearlv all, the intermediate frac- 
tion in addition to the lubricant fraction of the iMdrohaim, and also the distillation 
of undistilled residues resulting from a still further evapt)ration of the crude petro- 
leum, bift containing at Iciist forty jier cent of the lubricant fraction, Van l)yk(‘ 
and Irish ‘ state that in current practice undistilled residues of the kind above first 
mentioned have been distilled i)artly with a view of increjusing the yield of burn- 
ing oil (kerosene) by cracking decomposable hydrocarbons of th(‘ lower btiiling por- 
tion of these residues and partly with a view to obtaining distillate containing the 
undecomposed or only slightly decomposed hvdrocarbons of the lubricant fraction 
of the crude oil; and the method adopted for reconciling 1h(‘se to a certain extent in- 
consistent objects has been to subject these residues to distillation first in stills with 
their tops exposed (fully or with slight ])rot(‘ction only) to the atmosphere for cool- 
ing and thus partially condensing the vapors before they pass over to be condensed 
(the same still serving both for the preceding distillation of the crude oil or of a resi- 
due from it and hir the cracking operation) and then the remaining ])ortion is distilled 
in tar stills with their tops protect'd for keeping the* vapors hot. The residuum 
from the cracking operation is transferr<‘d to the tar stills with intermi'diate cool- 
ing, settling and storage and in the case of petroliMim obtained from the oil fields 
of Illinois and of other petroleum of analogous character also with subjection of the 
residual oil to treatment with sulphuric acid for scfiarating coke and other heavy 
products of the cracking operation. The extent to which tin* cnu*king operation 
is carried has been regulated according to tin* judgment of the manufacturer in vi(‘w 
of market and other conditions. The tran.sferred residuum or tar haa sometimes 
contained part only of the lubricant fraction of the cnide oil and sometirnea it haa 
* contained all the lubri(;anta together with a considerable portion of the mU'rmediate 
faction. 

I’he condensate which results from ciMilmg the vapors in the exposed Uip stills 
has fallen directly into the liquid oil in distillation, or else has run down th^ still 
walls into the oil The unconden.sed portion of the so-cooled vapors has then passed 
over and been at once (jondensed (excvpt very light products) by means of a water 
cooled condenser. The vapors from the tar stills, on the other hand, after pars- 
ing over have been subjected to a series of two partial con<lensationS in air (oou 
condensers before their complete condensation in a water cooled condenser, eiK-h 
partial condensation being effected in a single large pipe inclined upward and cwled 
merely by exposure to the atmosphere. 

The following dosrription hy Van Dyke and Irish, involving the eomplete dis- 
tillation of a cnide oil, is given, since the heavier a.s well as the more volatile por- 
tions of petroleum may be considered to be potxmtial sources of gasoline. 

> (J. S. C. I. 1913, 372; U. S. Patent 1,073,548, Sept. 16, 1913.) 
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At the end of a run, before opening the stills for cleaning out, it has been the 
practice U^fill with free steam, in order to expel the hydrocarbon vapors; and these 
with the steam have been passed through the condensers employed in the distilla- 
tions. When the residual petroleum has been withdrawn from the exposed top 
stills much matter has been left adherent to the interior of the stills; and there has 
thus been a direct loss (because the adherent matter is in part, of value) and also 
an indirect loss because time and labor are required to clean out the still after 
each run preparatory to the next. 

The necessary cooling of the residual oil and its storage also involve a loss of 
time and labor; and there is a further loss of valuable material in the matter which 
settles out in the storage tanks or is removed by the additional special treatment 
needed with petroleum of the kinds obtained from the oil fields of Illinois, Kansas, 
Oklahoma and Texas. Van Dyke and Irish observe that whenever the distillation 
in the exposed top stills has been carried farther than or not so far as the point at 
which no more and no less residuum is made than the tar stills have capacity to dis- 
till, a part cither of the exposed top stills or of the tar stills of the plant must be idle. 
Further, from various causes, the separation of hydrocarbons in the partial conden- 
sations has been, it is said, very imperfect. One cause is the lack of control over 
the cooling effect produced on the vapors. Different installations have differed 
in the area and degree of exposure of the air cooled (condensing) walls, according to 
the views of the manufacturer; but with any given installation the cooling effect 
produced on the vapors has been, it is noted, customarily controlled solely through 
regulation of the still fires. By slackening these, the rate of evaporation in the still 
can be lessened; and less heat being then imparted by the vapors to the heat con- 
ducting walls, these fall in temperature and condense a larger proportion of the 
passing vapors (although the absolute volume condensed is smaller than before). 
By urging the fires, evaporation is increased; and the heat conducting walls rise in 
temperature and condense a smaller proportion (but more absolutely) of the evolved 
vapors. There are, however, variable conditions in a run or in different runs, due 
to the varying temperature of the air or other meteorological conditions and to 
variations in the oil in distillation in a nin or to be distilled in different runs, which 
cannot bo mot as completely as would be desirable by regulation of still fires; and, 
besides, it is not possible to insure a perfect regulation of them at all times. The 
cooling of the vapors, it is added, has not been thorough; nor has proper oppor- 
tunity been afforded for interchange of hydrocarbons between the condensate and 
the vapors. 

Various proposals have been made for improving the separation of petroleum 
hydrocarbons by partial condensation of their mixed vapors; but in spite of them, 
it is maintained, the current practice has been as stated. Because of the imperfect 
separation different cuts of distillate have contained hydrocarbons which, if not 
positively objectionable, could be more advantageously utilized as constituents 
of other cuts. For example, hydrocarbons which are sufficiently colorless and are 
otherwise suitdd for water white burning oil (kerosene) distillate are made (as a re- 
sult of imperfect separation) to pass into distillate of poorer quality; because they 
ore accompanied by hydrocarbons too highly color^ or otherwise unsuited for 
water white oil. In like manner the yield of lubricant stock (or of lubricant stock 
and wax yielding material) is diminished by imperfect separation; because this 
results in the first of the desired hydrocarbons being accompanied by hydrocarbons 
which are undesirable in such stock. 
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By using a method devised by these investigators it is said that those 
products, for the obtainment of which the current practice wo^adopted, 
can be obtained without the loss of time, labor and material incident 
to the customary transfer of residuum and also without the loss in en- 
forced idleness of part of the plant which results whenever the tar stills 
are of insufficient capacity for distilling all the residuum of the desired 
character which can be made in the exposed top stills, or conversely 
are able to distill more of such residuum than the latter stills can fur- 
nish. The products mentioned can be obtained, it is said, of better 
quality or in larger amount. If it should be preferred to obtain dis- 
tillate with a smaller yield of cracked products, it is possible to do 
so without necessarily carrying over into the distillate more than a 
small proportion of the lubricant (or lubricant and wax yielding) hydro- 
•carbons. 

By the improved method crude petroleum is distilled, until the re- 
quired residue is obtained; and this residue is then subjected to dis- 
tillation at the requisite high temi^ratures uninterruptedly in two 
stages; the earlier of which is conducted with a view to condensing 
out of the mixed mass of vapors for return to the oil in distillation, 
those hydrocarbons which it is desired to have in the lubricant stock 
(or the lubricant stock and wax yielding material) and also those hydro- 
carbons which it is desired to crack into lighter oil, while allowing the 
other hydrocarbons to pass over to be condcnsoii as distillate and dis- 
tillation is terminated while the residual oil represents a large part 
(not less than 25 per cent) of the lubricant fraction of the crude oil 
The next stage of distillation is then Ix'gun and is conducted with a 
view to obtaining mainly undecomposed hydrocarbons of this fraction, 
a suitable temperature difference (say of about 100° F. to 150° F. 
(56° to 83° C.) or more) for holding back the desired lubricant, hydro- 
carbons being maintained in the earlier stage between the liquid oil in 
distillation and the vapors passing over to be condensed as distillate, 
and a less temperature difference maintained in the later stage between 
them — say a difference which is smaller than that of the earlier stage 
by 50°-75° F. (28°-42° C.). Distillation, in the earlier and in the later 
stages, is performed under atmospheric pressure, or nearly so, and 
without the injection of steam into the stills. During th^ later stages 
the vapors in the still should be protected against conductive cooling 
to the extent at least to which they would be subjected in an exposed 
top still; because such cooling would needlessly increase the fuel con- 
sumption and would involve a wasteful decomposition of hydro- 
carbons; and in the earlier stage it is advantageous to protect the 
vapors in the still against conductive cooling and to subject them after 




Fig. 32. Fire stiU, according to Van Dyke and Irish. 
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they leave the still to cooling necessary to form sufficient condensate 
for return to the oil in the still for reevaporation; because^ cleaner 
separation of hydrocarbons can be effected outside of the still than in it. 

The still a, Fig. 32, is shown in the form of a horizontal cylinder heated by a num- 
ber of fireplaces whose ash pit doors show at b. It is protected against loss of heat 
by blocks c, brick-work d and cement e; and it is covered with sheet metal/. There 
is a pipe g for filling the still with oil and a pipe h for conducting away the vapors. 
This vapor pipe is connected with the vapor space of the still a by means of a short 
upright pipe i having a removable cover k. A side opening receives the end of the 
vapor pipe h. Below this side opening is a flap valve whose operating handle is 
seen at 1] and below that valve is another side opening which receives the pipe m, 
a continuation of which is formed by pipe n having a valve p. In running, the flap 
valve 4^ open and the valve p closed. At the end of a run, when steam is intro- 
duced into the still to expel the vapors, their positions are reversed. 

• The pipe g, which joins the pipe m, is provided with a safety valve r and a 
vacuum valve s. A pipe t is provided for introducing steam into the still at the end 
of a run before opening the manholes u for cleaning out. At w is the chinmey for 
the fires under the still. At x are holes for pipes to deliver still gases or other fuel 
gases under the still for burning. 

The vapor pipe q leads to a condenser in the form of numerous pipes A, Fig. 32, 
arranged in parallel between header a* and chamber 6'. In Fig. 32 the vapor out- 
let ends of these pipes are at a higher level than their vapor inlet ends; so that the 
condensate, which is formed in each pipe and naturally nms downward, will flow 
oppositely to the corresponding stream of vapors. In order to equalize the flow 
of the vapors among these pii)es, the aggregate cross section of the passages at 
their narrowest points is proportioned with reference to the passage of a definite 
volume of vapors per unit of time under a given pressure; and, in order that the 
streams may be longer exposed to cooling in pipes of given length, their average 
cross sections are made greater than those at the narrowest points and the outlet 
ends of the pipe are strictured. These strictured outlets 
constitute the narrowest points. The pressure in these pipes 
is automatically released should it become excessive at any 
time. The best arrangement is that in which the strictured 
• outlet is formed in the body of a light valve which rests by 

its own weight over the end of the pipe. 

• 

While dimensions and proportions can be 
varied, good results have been attained, it is said, 
for a still holding a thousand barrels of oil up to 
the usual level, with an air cooled condenser hav- 
ing fifty-six of the pipes A, Fig. 32, each eleven 
feet in length and four inches in external diameter 
(giving about 665 square feet of cooling surface on 
the heat conducting walls of pipes A), A circular 
vapor outlet opening c' of an inch and a quarter diameter would suffice 
for each pipe A, the vapor pipe h having an internal diameter of twelve 
inches and the valves c?', Fig. 33, weighing about thirty-three ounces each. 



Fig. W. — Detail of 
vapor outlet valve on 
air-cooled condensing 
tubes of Van Dyke 
and Irish still. 
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The pipes A are cooled by controllable currents of air. The header a' is an- 
nular and forms part of a passage for the air currents in the middle of the group 
of pipes A ; while the top of the chamber 6' is a circular disk and obstructs passage 
at its bottom; and the pipes A are enclosed in a casing e', Fig. 32, which fits around 
the header o' at the top and has inlet openings e" (Fig. 32) at the bottom for inflow 
of air from the surrounding atmosphere. Each inlet is provided with a valve which 
can be opened wholly or in part, or can be completely closed. Air currents are 
produced in the casing by heat absorbed from the walls of pipes A. The vapor 
pipe h leads from the still directly to the chamber 5', Fig. 32. This chafnber is 
much deeper than a mere manifold or header (the depth represented being about 
three-fourths the length of pipes A). It is provided with a non-conducting jacket. 
In it, resting on a grate, are pieces of cobble stones of four to eight inches in 
diameter. The condensate from pipes A flows down over the stones and is given 
by them a back and forth transverse motion; while the vapors which rise upward 
between them are similarly deflected; and the vapors then pass into the pipes A 
for cooling conductively in streams of small diameter. 

The vapor outlet of the air cooled partial condenser A o' 6' is connected by pipe 
g* with the vapor inlet of a second partial condenser h' composed of numerous pipes 
set between headers and exposed to the air for cooling. The vapor outlet from 
condenser h‘ is connected by pipe i' with a water cooled condenser, which is a coil 
placed in a water tank which is supported on walls and cross beams. 

Thus the vapors from the still (a) flow successively through two 
partial condensers, each of them cooled by air and then through a water 
cooled condenser. 

The liquid outlets fc' (Fig. 32) and V (Fig. 32) of the partial condensers are 
respectively connected through U traps with the water cooled draw off pipes m' 
and n' placed in water tank. The water cooled draw off m' is valved and is con- 
nected with outlet k' by means of a cross which also serves to connect this outlet 
with two other valved pipes o' and p' respectively, pipe o' being a draw off for con- 
densate from the chamber b' when the condensate becomes too thick to flow at the 
temperature of the cooling water in the tank and pipe p' being a “ run back " lead- 
ing to the still a. The pipe o' is maintained at a higher temperature than the draw 
off m'. It may have such higher temperature merely because exposed to the air 
instead of being immersed in water; or it may be heated. 

The vapors generated in still a pass by pipe h to chamber b' and on reaching the 
top of this chamber they are divided into numerous streams, one for each of the 
pipes A. These streams flow in parallel inside the heat conducting walls of the 
pipes and are surrounded by air for cooling and are further equalized among them- 
selves by the stricturing which they are given at their outlets by passage through 
the restricted openings c'. Should the pressure become excessive, one or more of 
the valves d',JPig. 33, rise and automatically release the pressure, the released 
vapors passing on to condenser h'. The vapors flow in opposite directions in pipes 
A to the corresponding streams of condensate formed by the cooling in them; and 
a good opportunity for exchange of hydrocarbons is thus afforded, more volatile 
hydrocarbons in the condensate replacing less volatile in the vapors. 

The flow of the air past the pipes A tends to uniform and efficient 
cooling of the vapors. The vapors are brought into intimate contact 
in chamber 6' with the condensate for interchange of hydrocarbons, 
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while they are protected against indirect cooling. For a continuous 
complete distillation of crude petroleum in the still a, thejatter is 
filled with the proper charge of crude oil (say, a thousand barrels) and 
is heated; the heating is continued until the still contents become dry 
or nearly so, wax tailings coming over as the last distillate. 

During the first part of the run the portion of the crude oil which is more vola- 
tile than the intermediate fraction mentioned above, is received as distillate; while 
during the remainder of the run, which is conducted in two stages, the intermediate 
and the lubricant (or lubricant and wax yielding) fractions are distilled, the former 
with more and the latter with less decomposition (cracking) of constituent hydro- 
carbons. The later of these stages is advantageously commenced as soon as or 
shortly after' a percentage of the crude oil equal to the more volatile portion plus 
the intermediate fraction has been received as distillate. During the first part of 
the run^nd the earlier of the two stages referred to, the run back is open and the 
draw offs are closed. During the later stage, the run back p' is closed and the draw 
offs m' and o' are opened one at a time, the former as long as the distillate from bot- 
tom of chamber 6' is thin enough to flow at the temperature in pipe m\ and the latter 
subsequently. ‘The temperature difference between the liquid oil in distillation and 
the vapors which have passed over to be condensed as distillate is greater in the 
previous distillation than in the later stage. In the former, the vapors are made 
to flow through the partial condenser A o' 6' before they pass over to be condensed 
as distillate, all such condensation being performed in the air cooled partial con- 
denser h' and in the water cooled complete condenser and the condensate from 
condenser .4 o' 6' returning by run back p to the oil in distillation in still o; while 
in the later stage they are condensed as distillate as soon as they have passed out 
of the still o. Until then they are protected against conductive cooling by the non- 
conducting jacket c, d, e on the still; so that the temperature difference between the 
liquid oil and the vapors passing over is correspondingly small. 

The total flow of distillate at any time can largely be controlled by regulating 
the fires; but with equal evaporation per hour the collection of distillate per 
hour will naturally be larger when it includes condensate from condenser A 
a' b' than when it does not. It is advantageous so to regulate the still fires that 
the total flow per hour of distillate diminishes during the distillation of part at least 
of the intermediate fraction, as compared with the average of such flow during 
the distillation of the more volatile portion of the crude oil, and that the combined 
flow per hour from the condensers h' and h" (exclusive of condenser A, o', 6') during 
the distillation of part at least of the lubricant fraction should equal or exceed the 
average of the flow during the distillation of the intermediate fraction; while the 
average flow of distillate per hour at the same time from the condenser A, o', 6', 
may well itself exceed the same average. The flow of distillate from each condenser 
varies from time to time according to the nature of the oil; and the flow from con- 
denser h" may cease before the beginning of distillation of the interme&iate fraction. 
If so, it should be flowing again before the close of such distillation. 

During the distillation of the intermediate fraction and also of the lubricant 
fraction the vapors are cooled in condenser A, a', 6', to temperatures between 400® F* 
and 600® F. (204®-316® C.) so that the unconden^ portion of these vapors may 
be as free as practical from lubricant and wax yielding hydrocarbons. Any desired 
cuts in any distillate can be made by directing the stream to different distillate re- 
ceivers. 
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The air inlet valves r' would be more nearly closed at the beginning of each 
run, whe^ light hydrocarbons are being distilled, and also at the end of each run 
when the volume of vapors is comparatively small, than they would be during 
the intermediate part of the run. In other words, the currents of air are controlled 
to increase and decrease in a general way the cooling effect on the vapors according 
to the varying volume and temperature of the latter. These air inlet valves would 
also be closed more when the weather is cold or windy and less (if at all) when it is 
warm or still. The valves r' can also be manipulated to counteract or to compensate 
for other variables. In general, observation of the streams from the rppective 
condenser outlets, with test of samples, should give sufficient indications. 

At the end of the run the valve p in pipe n is opened and the valve I is turned 
to close the ordinary vapor pipe k. Steam is then introduced through the pipe t. 
It fills the still a and expels the hydrocarbon vapors. They pass, with steam, through 
the pipes mn to any desired place or receptacle without entering the condenser 
A, o', b', the condenser h' or the condenser A"; so that at the next nut the first 
runnings of condensate are not composed in part of hydrocarbons expelled by the 
steam. So far as concerns the condensate from condenser A, o', as this returns 
to still o, the presence in it of hydrocarbons would be of small importance; and it 
is, therefore, of minoy importance for the valve I and valved branch pipe n to be 
between condenser A, a', 6' and the still a. After expulsion of hydrocarbon vapors, 
the steam is shut off; and the still a is allowed to cool, is opened, cleaned, closed and 
then receives a new charge of petroleum. 

In a complete distillation of one thousand and forty-six barrels of crude petro- 


leum having a gravity of 33.6° B6. and yielding paraffin wax the following figures 
have been observed. 

Time after bringing in tfie stiU 

Distillation of portion more volatile than the intermediate fraction, 

as shown by the liquid oil in still a attaining 600° F 19 J hrs. 

Distillation of intermediate fraction, as shown by liquid oil in still a 
being above 600° F. and the condensate from condenser A, o', b', 
having a viscosity less than 65 seconds at 100° F. by Saybolt’s 

universal viscosimeter 18 hrs. 

Distillation of lubricant and wax yielding fraction, being residue 

after removal of intermediate fraction and lighter portion 17 hrs. 

Total 541 hrs. 

Flow of distillate 

Distillation of portion more volatile than intermediate fraction: 

Condenser A", 147 barrels ; condenser A', 21 1 barrels 358 bbls. 

Average per hour both condensers 18.5 bbls. 

Distillation of intermediate fraction: 

Condenser A", 15 barrels; condenser A', 203 barrels 218 bbls. 

Average per hour both condensers 12.1 bbls. 

Distillation of lubricant and wax yielding fraction: 

Condenser A", 64 barrels; condenser A', 113 barrels; condenser 

A, o', 6', 257 barrels 434 bbls. 

Average per hour first two condensers 11.1 bbls. 

Average per hour all three condensers 27, 1 bbls. 
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Average per hour of first half of distillation from first two 

condensers 17.8 bbls. 

Average per hour of first half of distillation from all three 

, condensers 37.1 bbls 

Gravities of distillates 

Distillation of portion more volatile than intermediate fraction: 

Condenser h”: 

Lightest 70.7® B6. 

Heaviest 48.8® 

Condenser h': 

Lightest 63.5® B(5. 

Heaviest 40.5® B6. 

Distillftion of intermediate fraction: 

Condenser h": 

* Light^t 57® B^. 

Heaviest 47® B6. 

Condenser h': 

Lightest 40.5® B4. 

Heaviest 34.8® B6. 

Distillation of lubricant and wax yielding fraction: 

Condenser h": 

Lightest 55.7® B6. 

Heaviest 41® B5. 

Condenser h': 

Lightest 37.6® B6. 

Heaviest 28® Bd. 

Condenser A, a\ b'l 

Lightest 31® B6. 

Heaviest received by water cooled pipe m' 11® Bd. 

Temperatures after bringing in still 

Distillation of portion more volatile than intermediate fraction: 

Oil in still a: 

, Lowest 210® F. 

Highest 600® F. 

Vapors passing over to be condensed as distillate (in header 
o'): 

Lowest 168® F. 

Highest 480® F. 

Temperature difference, average 97 5/10® F. 

Vapors leaving still o' (in pipe i): 

Lowest 193® F. 

Highest 560® F. 

Distillation of intermediate fraction: 

Oil in still o: 

Lowest 600® P. 

Highest 700® F. 
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Vapors passing over to be condensed as distillate (in header o') : 


^west 470® F. 

Highest 570® F. 

Temperature difference, average 161® F. 

Vapors leaving still a (in pipe i): 

Lowest 660® F. 

Highest 660® F. 

Distillation of lubricant and wax yielding fraction: 

Oil in still a: 

Lowest 691® F. 

Highest (See note). 

Vapors passing over to be condensed as distillate (in pipe i): 

Lowest 644® F. 

Highest 810® F. 

Temperature difference, average (See noie) . 

Vapors after first fractional condensation as distillate (vapors 
in header o') : 

Lowest 317® F. 

Highest 607® F. 


Note. — By an accident the temperatures in the liquid space of still a were 
not observed at the last seven periods of hourly observation. From other experi- 
ence it is estimated that the highest temperature in the li(]uid space in the still was 
about 850® F. ; and (using so estimated temperatures for seven of the eighteen in- 
tended observations) the average temperature difference during the distillation 
of the lubricant and wax yielding fraction is estimated to have been 46® F. The 
average temperature difference at the eleven actual observations was 50® F. 

The heating of the still was continued for three hours after the distillate ceased 
to flow from condensers h' and h" and for two hours after that from condenser A, 
a', h' was turned into pipe o' (wax tailings). In the last hour of flow from con- 
denser A, a', h', through pipe m' only one barrel of distillate (gravity 11° B6., at 
60° F.) was received. In the hour previous half a barrel (gravity 55.7® B6.) was 
received from condenser h", one barrel (gravity 35® B6.) from condenser h', and two 
barrels (gravity 18.5® B6.) from condenser A, a', b'. 

Distillate did not flow from the condenser h” in the distillation of the intermedi- 
ate fraction during ten hours, and in the previous distillation during four hours. 
Distillate commenced to flow first from condenser h" and was running two houn 
and twenty minutes before it commenced to flow from the draw off n' of con- 
denser h'. These hours of no flow in one or other condenser are considered in esti- 
mating the average flow as given in table. More than half the distillate in the dis- 
tillation of the lubricant and wax yielding fraction was received in the first six hours; 
and the flow during such six hours is the basis for the average flow per hour of first 
half of distillation of this fraction. Twelve thousand two hundred pounds of coke 
were removed from the still at the end of the run. 

In practical working it is unnecessary to ascertain temperatures; since obser- 
vation of the distillates and returning condensate will give sufficient information 
to an experienced stillman. 

If it is necessary, the earlier stage of the distillation of the undistilled residue 
composed of the intermediate and the lubricant and wax yielding fractions of the 
crude oil can be prolonged into the distillation of the latter fraction, this stage 
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being terminated while the desired portion, not less than twenty-five per cent, of 
that fraction remains in the still. • 

Should it not be feasible to conduct the complete distillation of the crude oil 
in the still o, all, or any part, of the portion more volatile than the intermediate 
fraction can be distilled off in another still. The residual oil can then be subjected 
to uninterrupted distillation in the still a in two stages; and, if preferred for any 
reason, the distillation can be carried further before transfer to the still c, provided 
the residual oil to be subjected to distillation uninterruptedly in those two stages 
contain^ at least forty per cent of the lubricant and wax yielding fraction of the 
crude oil. 

The lubricant fraction and the intermediate fraction taken together of any 
given crude petroleum are defined as the percentage by volume of the crude petro- 
leum which remains in the still when the still’s contents attain a temperature of 
600° F. (or the temperature commencement of cracking in case it should be lower 
than 600° F.) in a distillation of the crude petroleum in the ordinary way under 
atmospheric pressure without introduction of steam into the still; and the lubri- 
cant (or lubricant and wax yielding) fraction is represented by the percentage by 
volume of the crude petroleum which remains in the still when portions of distil- 
late from the outlet of the customary water cooled condenser first exhibit either a 
viscosity as high as 65 seconds at 100° F. by Saybolt’s universal viscosimeter or a 
cloud at a temperature as high fia 50° F. (whichever characteristic is first exhibited) 
in a dLstillation of the cnide petroleum with introduction of free steam in suitable 
volume to prevent cracking. For concordant results the distillations (or assays) 
must always be performed in the same manner. 

In distillation under atmospheric pressure without introduction of 
steam into the still, the heat may be so reg^ulated that distillate is re- 
ceived from the condenser at the uniform rate of about eight per cent 
by volume per hour of the charge of crude oil. The distillates may be 
received in two per cent portions; and they should be tested for flashing 
points by the closed cup method, after removal of hydrogen sulphide, 
when this is present. The temperature of the oil in the still at the com- 
pletion of each portion should be noted. When the flashing points 
begin to exhibit a progressive recession, it will be known that cracking 
has set in, and the temperature at the completion of the portion of 
maximum flashing point may be taken to be the commencement of 
cracking. Should this temperature be below 600® F., the percentage 
of the crude oil then remaining in the still represents the intermediate 
and lubricant (or lubricant and wax yielding) fractions of the crude oil 
(taken together), the percentage previously collected as distillate 
representing the more volatile portion of the same crude oil. If this 
temperature of commencement of cracking be above 600° F., the per- 
centages when the liquid oil attains 600° F. are to be taken. 

In the distillation with introduction of free steam into the crude . 
oil the heat may be so regulated that hydrocarbon distillate is received 
from the condenser at the uniform rate of about fifteen per cent by 
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volume per hour of the charge of crude oil; and the free steam supply 
is so reflated that the stream from the condenser contains water of 
condensation equal in volume to from a third to a half of the hydro- 
carbon distillate. The steam may be dry and saturated; or it may be 
slightly superheated. The distillates may be received in two per cent 



Fig. 34. — Electrically heated still, according to McClelland, 


samples; and they should be tested for viscosity and (when the petro- 
leum yields paraffin wax) for cloud (paraffin wax content) also. When 
a portion exhibits either a viscosity as high as 65 seconds at 100® F. by 
Saybolt’s universal viscosimeter or a cloud at a temperature as high as 
50° F. (whichever characteristic first appears) the undistilled residue 

represents with sufficient accuracy 
the lubricant (or lubricant and wax 
yielding) fraction of the petroleum. 
The difference between it and the 
percentage representing the inter-* 
mediate and lubricant fractions 
taken together represents the inter- 
mediate fraction of the crude 
petroleum. The portions of dis- 
tillate to bS tested for viscosity (or viscosity and cloud) should be 
separated by settling and decantation from the accompanying water 
before they are so tested. 

T. McClelland ^ proposes to distill liquids and solids, including 
petroleum, by direct contact between the substance being distilled 
and electrically heated resistance material, for example, carbon. In 
* British Patent 15,263, June 25, 1910. 





Fig. 35. 
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Fig. 34 the still a has in its lower portion a receptacle d, made of porce- 
lain. As shown more in detail in Figs. 35 and 36, this receptacle has 
deep grooves or channels which form a continuous path due to open- 
ings or communications d^ at the 
ends. These grooves are filled with 
granules of carbon. Carbon con- 
necting pieces are connected to 
a soulce of electric current. By 
covering the carbon with oil, or by 
spraying oil onto the carbon, which 
is heated by the passage of an 
electric current, heat is directly 
transmitted to the substance being 
•distilled. 

Gathmann ‘ distills oils in a 
partial vacuum in the presence of a 
gas which is circulated through the 
oil in the still and condenser and is 
used over and over again. The gas which is circulated may be air or 
a noncombustible gas such as nitrogen or carbon dioxide. 

J. H. Parker 2 separates petroleum into its fractions by means 
of a series of pairs of retorts, each pair vertically disposed above and 
connected with the next underlying pair. The individuals constituting 
each pair of retorts are located in the same horizontal plane. There 
are eight pairs of retorts and each pair is provided with an individual 
exhaust pump, pressure tank and condenser. The battery of retorts 
is inclosed in a furnace setting. The lower four pairs are heated by 
direct heat; but each pair is heated to a different and successively 
lower temperature than the next lower pair by means of interposed 
diaphragms. The four upper pairs are steam jacketed. 

• Each retort really constitutes a small still in itself. Distillation takes place 
under pressure. In the case of the four upper pairs, vapors escape from one retort 
in a pair to the other retort in the same pair, are there subjected to contact with 
purifying material and are then removed and condensed. Material which does not 
vaporize forces itself into the corresponding retort in the next lower pair and is here 
subjected to a somewhat higher temperature and so on. The oi^ is thoroughly 
atomized in each retort by means of steam and mechanical atomizers. 

The process aims to effect a rapid separation of petroleum into its 
fractions and to produce fractions, the components of which have 
distinctive characteristics, and which possess properties sharply differ- 
entiated from the properties of other fractions. 

* U. S. Patent 768,796, Aug. 30, 1904. 

2 J. S. C. I. 1910, 807; U. S. Patent 968,820, May 24, 1910. 
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For special dephlegmating devices for separating petroleum vapors 
by fracti!)nal condensation see C. R. Ewing/ W. C. Koehler and L. 
Link.* G. H. Gillons * also shows a special device for fractionating 
oil vapors. 

W. Landes * is of the opinion that much of the gasoline now on the 
market contains heavy components which become separated from the 
lighter and more volatile hydrocarbons and settle at the bottom of the 
automobile or other fuel tanks. These heavier constituents, contain- 
ing a larger percentage of carbon than the lighter and more volatile 
bodies and being the first to be drawn off and used, are said to carbonize 
the working parts of the motor and destroy the efficiency of the more 



Fig. 37. — Vaporizing apparatus proposed by Landes. 


highly volatile hydrocarbons which (assuming that the above separation 
does take place) are the last to be used. 

With this in view Landes has devised a method for producing a 
highly volatile motor fuel from crude petroleum which consists in 
placing the crude petroleum in a tank, or a number of tanks A (Fig. 37), 
and subjecting the crude petroleum to high pressure, to force it through 
an exceedingly fine atomizer or spray nozzle B (Fig. 37). The latter 
is supported in a steam casing C which is located within and at one 
end of an elongated chamber D previously heated to a temperature of 
approximately 180® F. (82® C.). 

The crude petroleum under pressure while within the nozzle is first 
heated and expanded by the steam within the steam casing which sur- 
rovmds the nozzle, and is additionally treated with the steam, directed 

1 U. S. Patent 1,083,998, Jan. 13, 1914. 

« U. S. Patent 1,084,016, Jan. 13, 1914. 

» U. S. Patent 1,084,080, Jan. 13, 1914. 

* J. S. C. I. 1916, 1211; Chem. Aba. 1916, 3157; U. S. Patent 1,199,909, Oct. 3, 
1916. 
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transversely to its path, as the petroleum issues from the nozzle through 
the restricted orifice in it and previously to its entering the heated 
chamber. Thus the crude petroleum is injected into the heated cham- 
ber D in an exceedingly fine spray, whereby the lighter and more highly 
volatile components, such as cymogene, rhigolene, petroleum ether, 
and the more volatile constituents of the gasoline, are instantaneously 
liberated and vaporized. The mist of steam and oil vapors travels the 
entire* length of the heating chamber D, before passing to the primary 
condenser E, This gives the volatile components plenty of time to 
vaporize and also allows heavier hydrocarbons to condense. 

The atomizer, shown in detail in Fig. 38, consists of the pipe nozzle o, 
having one of its ends connected to the body of the valve h of the oil 



pipe c, and having its opposite end closed, with the exception of the 
minute opening or aperture d through which the crude petroleum under 
pressure is discharged in an exceedingly fine stream. The nozzle a 
projects into the steam casing or steam chamber e through the packing 
box / provided in one of its ends, and for adjusting the position of the 
•nozzle a within the steam casing e, the nozzle a is provided with the 
threaded portion (/, upon which is screw threaded the adjusting nut h 
which bears against the gland i of the packing box / of the steam casing. 
The steam casing e is provided with the central annular flange j, for 
securing the steam casing upon the forward end of the retort or heated 
chamber D (Fig. 37). . The portion of the steam casing at the outer 
side of the heated chamber D is connected by the steam pipe K to any 
source of steam supply under pressure of approximately seventy-five 
pounds. The end of the steam casing e which projects through the 
front end of the chamber D is closed by the inwardly curved end wall m 
which is provided with a central restricted aperture registering with the 
aperture of the oil pipe nozzle a, the space or distance between the 
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aperture of the nozzle a and the aperture of the end wall m of the steam 
casing being regulated by the adjustment of the oil nozzle by means of 
the adjusting nut h. 

By the employment of the specially constructed atomizer above 
described, the crude petroleum under pressure and expansion is forced 
through the aperture of the nozzle a in an exceedingly minute stream, 
which is cut transversely by the steam which flo^\s through the steam 
casing toward the end of the atomizer which projects into the Heated 
chamber D. 

The steam is caused to thus cut transversely across the stream of oil 
by being deflected by the inwardly curved end m of the steam casing. 
This action upon the minute stream of oil again expands it and causes 
the particles of the oil to become so thoroughly dissipated that the oil 
issues from the atomizer in a fine mist, whereby the particles of the crude* 
petroleum further expand and instantaneously burst into vapor or gas 
upon coming into contact with the previously heated air within the 
chamber D. The mist causes the liberation of the highly combustible 
and volatile components of the crude petroleum, and separation of the 
heavier and less volatile components of the oil. This liberation and 
separation continues during the passage of the vapor or gas through 
the heated air within the elongated heated chamber D toward the 
opposite upper end portion of the chamber. 

The heavier and less volatile components descend upon the inclined 
bottom of the heated chamber and are removed through the draw-off 
pipe P (Fig. 37). 

From D (Fig. 37) the mist of light oil vapors and steam passes to 
the primary condenser P, where they meet a direct spray of cold water. 
The mixture of water and partly condensed vapors then passes to final 
condensing coils F and receiver G. 

C. H. Boorman^ has designed an organization of column stills, 
dephlegmators, heat exchangers and separators which are intended to. 
distill petroleum continuously with the heat derived from superheated 
steam. Only a small portion of the steam used is allowed to condense. 
Most of it remains in the form of a gas, is recirculated through a super- 
heater and used over and over again. Light benzine, illuminating oil 
and heavy residue are continuously produced, the benzine in one column 
and the illuminating oil and residue in a second column. Apparently 
the process is primarily designed for continuous, straight distillation, 
without cracking. The stills used are essentially vertical dephleg- 
mating columns. 


1 J. S. C. I. 1917, 498; U. S. Patent 1,220,067, March 20, 1917. 
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R. C. Dundas ^ sprays oil into the bottom of a vaporizing chamber 
and heated gases are supplied to the upper outer portion and led down 
around an annular baffle or flue to the lower portion of the chamber 
where they mix with the sprayed oil The gases and oil spray and 
vapor are then passed up through the inside of the annular baffle or 
flue. Fig. 39 shows an arrangement of four towers for continuous 
distillation. Oil is sprayed into the bottom of tower D, is partly dis- 
tilled, fhe residue is pumped to tower C and so on. Distillation is 
effected by means of hot gases which come from the flue K and pass 
through the towers in the direction shown by the arrows. Condensates 
of varying gravities collect on the troughs. The final residue is pumped 



out at G. There is also an arrangement as indicated at P for recircu- 
lating the gases. 

Corthesy and Castelli ^ describe a continuous method of fraction- 
ating crude petroleum in which the oil flows downwardly and is exposed 
fo consecutively increasing temperatures in its downward flow. Oil 
is fed into the top of a cylindrical still through a number of perforations; 
the unvolatilized portion is discharged at the bottom and the vapors 
pass out through a pipe at the top to a condenser. A portion of the 
vapor is drawn off from the outlet pipe by means of a suction fan, and 
after passing through a: superheater within the furnace, is led into an 
annular space around the still and then into the still through a series 
of tangential slits, whereby a whirling or vortex action is produced 
within the chamber and unvolatilized particles are thrown by centrif- 
ugal force towards the walls. 

1 Chem. Abs. 1018, 993; U. S. Patent 1,267,199, Feb. 19, 1918. 

* J. S. C. I. 1919, 526 A; British Patent 127,690, May 1, 1918. 
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H. D. Lorch ^ claims to fractionate the vapors from crude oil stills 
and cok« stills by means of a vapor separating device similar to the one 
shown in Fig. 40. This is intended to separate, in the vapor state, the 
vapors of naphtha and burning oil. Apparently the device is applicable 
to a number of cracking methods where 
gasoline and kerosene are simultaneously 
produced by the breaking down of heavy 
hydrocarbons. 

The vapors entering through the inlet 
pipe A fill the space B and in this space 
condensed material and heavy vapors, 
settle out and are drawn off through pipe 
C. The lighter vapors flow upwardly 
through the space surrounding the pan D 
(which rests upon brackets and is held in 
proper place by spacers.) In the vapor 
chamber E a further stratification of the 
vapors takes place, the heavier vapors go- 
ing to the bottom of this space, that is, 

pan D and are drawn off by pipe F while 

the lighter of these vapors pass upwardly 
through the space surrounding pan G into 
the vapor space K (which includes the space inside of the pan G and 

the space above it). The heavier of the vapors in the space K are 

drawn off through the pipe L while the lighter of these vapors, and the 
gases present, are drawn off through the pipe M. 

H. Hennebutte ^ introduces heavy hydrocarbon oils and lighter 
hydrocarbons in liquid form in a heated condition into heated heavy 
oil while the temperature of the latter is above the boiling point of the 
lighter hydrocarlx)ns so that the latter are immediately vaporized and 
serve as a carrier to promote the distillation. 

C. E, Lepley ^ finds that in the manufacture of straight gasoline by 
ordinary methods, the ^separation of gasoline from kerosene is not 
as sharp as could be desired, that is, a certain amount of gasoline re- 
mains in the more volatile portions of the kerosene distillate. In order 
to make a t)etter separation and thus increase the gasoline yield, a 
stream of crude oil heated to 800®-900° F. (427°-482® C.) is downwardly 
directed in a direction counter current to the course which the gasoline 
vapors take in their passage through the vapor line. 

1 U. S. Patent 1,264,668, April 30, 1918. 

* Chem. Abs. 1916, 692; U. S. Patent 1,165,878, Dec. 28, 1915. 

» U. S. Patent 1,261,410, April 2, 1918. 
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The still A (Fig. 41) is charged with petroleum as in ordinary practice, and the 
distillation is conducted in the usual manner, until the tests indicate tha^the gaso- 
line, and other products having relatively low boiling points, have been driven off 
to the extent to which this method of treatment is available. A downwardly di- 
rected stream of highly heated petroleum from the tank B, is then introduced into 
the tower C, such petroleum being of the same general character as the initial charge 
in the still itself. In order to produce this result, the petroleum in the tank B, 
is forced through the coil D, by means of air pressure and, in its passage through 
the coil^, is heated to a temperature from SOO^-OOO'* F. (427-482® C.), the pressure 
being about twenty pounds. The heat of the still proper is itself raised to a point 
preferably a little below that at which kerosene of the desired gravity for that par- 
ticular product would go over freely, and, while thus heated, the stream of highly 



heated petroleum from the flue chamber IJ is injected in the direction to meet any 
vapor arising from the material in the still proper. 

Under these conditions Lepley believes the following to occur.' The vapors 
arising from the materials in the still consist of particles of gasoline and other light 
products, intimately associated with particles of kerosene, and if the application of 
heat were continued in the ordinary way, the composite particles would go over to- 
gether, but by contact with the opposing stream of highly heated petroleum, in- 
jected under prassure, it appears that the more highly volatile portions of the stream 
associate themselves with the more highly volatile portions which are coming off 
from the material in the still, dissociating the latter from their intimate commin- 
gling with the kerosene or heavier constituents so that the lighter particles both from 
the still charge and the injected charge combine and pass off together through the 
vapor pipe E, while the less volatile portions of the injected stream associate them- 
selves with the less volatile portions coming off from the material in the still and tend 
to drop back into the still. 

It is stated that the temperatures employed vary with different kinds of initial 
material, but that with ordinary crude petroleum from the Caddo Fields, the initial 
distillation of the gasoline and light products can be properly effected at a tem- 
perature of 300® F. (149° C.) in the still, and that, without raising this temperature 
by means of the furnace or steam coil, the injection of the stream of vaporized 
petroleum at a temperature of from 800°-900® F. (427-482° C.) and under a pressure 
of about twenty pounds will give good results. 




164 


MOTOR FUELS 


F. A. Kuhn ‘ distills gasoline in order to refine it, in a vessel which is 
wholly immersed in a water boiler. 

Dykema,‘ quoting from Burrell, gives the following figures on the 
latent heat of vaporization of petroleum distillates and condensates. 

Gravities and laterU heats of four distillates 

Latent heat, 
Gravity, °B6. B.t.u. per 
pound 


Kerosene 43 105 

Naphtha 56 103.5 

Gasoline 65 100.6 

Gasoline 89 100.2 


In gasoline computations it is customary, it is said, to use as the 
latent heat 100 B.t.u. per pound.' Kent is quoted as giving the specific 
heat of liquid gasoline of specific 'gravity 0.68 to 0.70 as 0.53 to 0.55, and 
“ Lucke * quotes Regnault as stating that methane has a specific heat 
of 0.5929 at constant pressure and 0.4505 at constant volume.’’ 

E. W. Dean * states that the output of gasoline may be increased 
by universal adoption of higher distillation end-point, use of more 
efficient refining methods and wider use of cracking processes. High- 
test gasoline now marketed has an end-point of approximately 175° C. 
(347° F.). Usual grades fall between 200° and 230° C. (392°-446° F.). 
Universal adoption of the last temperature would increase the total 
yield 15 to 20 per cent. Efficiency of fractionation in refineries varies 
from 75 to 95 per cent. If all could approach the latter figure it would 
mean an increase of gasoline yield of perhaps 10 per cent. Burton’s 
cracking process is considered, it is said, to be the only one in successful 
use today and it has limitations. Refining losses are about 4 per cent. 
By use of scrubbers and other recovery apparatus this loss should be* 
cut to 2 per cent. 

Wingett ® proposes an automatically controlled still. 

Drying Crude Oil and Simultaneously Recovering Naphtha. 

Collins* dehydrates California oil by heating under pressure to destroy the 
emulsion, then gradually releasing the pressure. This is accomplished by allowing 

1 Chem. Abs. 1917, 1039; British Patent 102,903, Aug. 10, 1916. 

* Recovery of Gasoline from Natural Gas by Compression and Refrigeration, 
Bureau of Mines Bulletin, 151 (1918). 

• Lucke, C. E., Engineering Thermodynamics, 1912, p. 578. 

* Chem. Abs. 1919, 905; Oil and Gas J. 1919 (17), No. 38, 52-3. 

» U. S. Patent 1,229,189, June 5, 1917. 

• U. S. Patent 1,028,439 June 4, 1912; see also Travers, U. S. Patent 1,004,219, 
Sept. 26, 1911. 
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the mass of petroleum and water vapor to expand or rise within a tall separating 
column. Naphtha is removed from the top of the column. 

J, A. Dubbs ^ describes a process devised primarily for dehydrating 
crude oil containing water. The crude oil is pumped through a pipe 
coil which acts as a preheater and then through a larger coil or pipe still. 
Dehydrated oil flows from the pipe still into storage tanks. 




The diameter of the pipe constituting the pipe still is suck that there 
is a space above the oil 'as the latter is in process of dehydration and 
distillation. 

As shown at B in Figs. 41a and 41b the pipe still comprises hori- 
zontally laid pipes connected together to form a continuous coil and the 
members of this coil are apparently in the same horizontal plane, which 
» United States Patent 1,123,602, Jan. 6, 1915. 
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accounts for the fact that there is a vapor space above the oil during 
its passage through the pipe still. 

Vapor pipes, in free communication with a condenser, as shown at 
D, remove steam and light distillate generated in the pipe still. It 
is important to note that the latter is in free communication, through 
vapor pipes with a condenser for steam and distillate and that, as in 
the Burton process, condensation takes place under pressure and also 
that the pressure generated in the still is caused by the vapor' tension 
of the hydrocarbons generated, although in Dubbs’ method it would 
appear that much of the pressure is caused by steam evolved from 
water naturally contained in crude oil. 

Figure 41a is a sectional elevational view and Fig. 41b a plan view of 
an apparatus suggested by Dubbs. D is a condenser for steam and 
light distillate and F a cooler for dehydrated oil. Throttle valve G, 
Fig. 41b, controls pressure in the distilling and condensing systems. E 
is a receiver which separates water from light distillate. 

The apparatus is essentially a pipe still in which distillation takes 
place under pressure during the flow of oil. Oil does not completely 
fill the volume of the pipe still with the result that there is space in the 
pipes occupied by hydrocarbon vapors under pressure and the vapor 
space mentioned is in free communication with a condenser. 

E. L, Dyer^ dehydrates crude oil emulsions in a special tubular apparatus 
and simultaneously recovers naphtha, 

Melchior * shows a special tubular device for dehydrating petroleum emulsions. 

An apparatus consisting of a separator, two pumps, and four stills arranged 
in series is used by H. C. Leete,^ for heating oils. The hot residue (fuel oil) from 
the last still passes through a pipe leading to one of the pumps and serves to pre- 
heat the crude oil, which is forced by the other pump through tubes extending 
through the fuel oil pipe and leading to the separator. The heated crude oil enters 
the separator under pressure and imping against a deflecting plate, where it is 
atomized and gasoline is liberated. From the separator the oil, freed from gjisoline, 
passes to the stills. 

A pipe still designed so as to facilitate rapid cleaning is described 

by H. W. Jones.* 

» U. S. Patent 1,207,381, Dec. 5, 1916. 

• U. S. Patent 1,253,411, Jan. 15, 1918. 

• J. 8. C. I. 1919, 352 A; U. S. Patent 1,288,934, Dec. 24, 1918. 

• U. S. Patent 1,336,357, Apr. 6, 1920. 



CHAPTER V 

REFINING METHODS— Continued 
• Processes Based on Evaporation 

Evaporation processes are usually diametrically opposed to crack- 
ing. Their object is to vaporize the valuable constituents of an oil 
at as low a temperature as possible. They are often concerned with the 
treatment of sensitive oils like California crude. 

Alexejew ^ distills oils in a still with the aid of hydrocarbon vapors 
and gas which are injected into the oil, in the still. The mixed vapors 





^.’Circufafing Pump 


Steam Boiler 
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Distillate d Gas / 
Receivers 


Fig. 42. — Process of Well and Wells 



are passed through retorts and a condenser. Uncondensed gases are 
taken from the tail pipe and recirculated through the oil in the still. 

W. C. Wells and F, E. Wells ^ describe a process for topping crude 
oils to remove naphtha and burning oil and leave a residue said to be of 
higher grade than that produced by ordinary methods. TlTe oil is not 
boiled. Instead, its temperature is gradually raised by means of 
“ dry ” steam coils and a permanent gas is blown through the hot oil. 
For the removal of a fraction of any given boiling range the temperature 

^ Ber. 1887, 609; German Patent 39,949, Sept. 23, 1886. 

» U. S. Patent 877,620, Jan. 28, 1908. 
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of the oil is maintained considerably below that range and the evapo- 
rating effect of the gas and its mechanical carrying effect are depended 
on to volatilize and remove the vapors. In other words, “ gas ^ is used, 
instead of bottom steam.* The gas is circulated and used over and over 
again. (See Fig. 42.) 

In another process of Wells and Wells * a permanent gas is used as 
before, but instead of heating with steam, the oil is heated by means of 
a fused bath. This is heated in still A (Fig. 43), constructed like a fire 
tube or shell boiler. The fused metal lies on the bottom of the shell 
and covers the fire tubes. Oil rests on the fused metal. A permanent 



Fig. 43. 

gas is blown through the oil by means of pumps D and conduit E and 
a perforated coil in the still. Gas and oil vapors pass through a con- 
denser, condensate collects in B and the permanent gas is circulated 
back into the still. C is a gasometer. 

F. H. Dunham ^ heats heavy asphaltic oils in a shell, pumps hot oil 
from the bottom of the shell and delivers it to the top of an evaporating 
chamber (A, Fig. 44). The lighter constituents of the oil evaporate 
here and are tapped off. The liquid residue flows back into the still 
and onto the surface of another evaporating pan in the still, and is here 
subjected to a sort of Soxhlet extraction. A vapor line conducts 

' One of the authors has seen cases where the principle of this process has been 
used to good advantage in preparing a lubricating oil from a sensitive “ crude.” 

* By the term “ gas ” a fairly permanent gas is meant, such as methane, al- 
though other and more easily condensable gases -may be employed. 

* U. S. Patent 1,296,244, Mar. 4, 1919. 

* U. S. Patent 1,013,283, Jan. 2, 1912. 
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vapors from the still, or shell. The residue in the shell is asphalt or 
asphalt cement. This process appears to represent an attempt to 
simulate those conditions, in part, which produce natural asphalt. 
The element of oxidation, however, does not appear to play a very 
important part here. 

M. J. Tnimble ^ states that California oils and similar oils when 
repeatedly vaporized and condensed undergo cracking and that when 
naphtha and burning oils are contaminated with such cracked products 
discoloration results when the contaminated oils are exposed to the 
actinic rays of light.” He realizes that it requires a higher temperature 



to vaporize a given liquid hydrocarbon out of solution in a body of oil 
of boiling point higher than that of the hydrocarbon in question, than 
is required to vaporize the pure liquid hydrocarbon. 

The object is to avoid heating those hydrocarbons (naphtha and 
burning oils) any more above their boiling points than is necessary in 
order to separate them from the main body of oil (crude or reduced 
crude). This is accomplished by means of surface evaporation with the 
aid of heated gases, for example, steam. 

It is stated that (referring evidently to California and similar oils) 
in order to avoid cracking these oils into unsaturated hydrocarbons it is 
necessary to appreciate the sensitive nature of (asphaltic) petroleum 
oils. Trumble's method consists in heating crude oil only to the 
point where, when this oil is finely divided, evaporation will complete 
1 U. S. Patent 1,070,361, Aug. 12, 1913. 
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the removal of the light oils from the heavy oils. The feature of his 
process ft therefore his method of evaporation. Oil is first brought to 
the necessary temperature in a series of continuous retorts (Fig. 45). 
From the last retort in the battery it is lifted to the top of the evapo- 
rating chamber (Figs. 45 and 46) or tower. Inside the tower the heated 
oil falls through perforated baffles on to spreading cones and flows in 
a film down the inside of the tower. The latter is heated to about the 
same temperature as the entering oil. Evaporation comes into play, 
light oils are vaporized and pass out of the tower through holes in the 
central vapor collecting pipe. Steam, injected at the base of the tower, 



assists the evaporation. The light oils pass through a vapor collector 
(Fig. 46) to a condenser and heavy residues collect at the base of the 
evaporating tower. 

More recently Trumble ^ describes another system proposed for the 
continuous and rapid vaporization of light oils from California crude 
by ” surface ” distillation or evaporation. 

Crude oil is pumped under slight superatmospheric pressure through 
heat interc&angers and then through heating coils (Fig. 47). From 
these it expands through a reducing valve into the top of a tall expansion 
and separating chamber. The light oils, now at a temperature above 
their boiling point at atmospheric pressure, are suddenly converted into 
vapor. These vapors and condensed oils flow down along the sides of 
the chamber on account of baffle plates interposed as shown, and any 
1 J. S. C. I. 1918, 330 A; U. S. Patent 1,262,875, April 16, 1918. 
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liquid oils are thus spread out into thin films. Surface evaporation 
and boiling then take place. The uncondensed vapors pass off through 
perforations in a central pipe. Vapors of different gravities are thus 
tapped off at different points in the vapor line. Heavy oils collect at 
the bottom of the separating chamber and are tapped off through a 
drainage pipe. 

N. W. Thompson,^ in a detailed description of the Trumble refining 
process, states that the plant described uses as fuel 1.1 per cenl of the 
crude oil run through it, with refining losses of only 0.75 per cent. 



Fig. 47a. — Pipe still, proposed by Burleson and Prutzman. 


R. G. Jones ^ evaporates California oil in a series of pan-shaped 
units situated one above another in a heating “ stack ” or tower. 
Vapors are withdrawn from each unit as the oil flows downwardly. 

A form of pipe still for evaporating and separating petroleum into 
its fractions, as suggested by Burleson and Prutzman,’* is shown section- 
ally in Fig. 47a. The tubes are D-shaped and set with the flat side 
down and exposed to the heat, the rest of the tube being insulated to 
guard against “ cracking ” of the vapors. Each return bend connection 
is provided with a trap intended to prevent vapors from passing from 
one tube to the next. In this way, vapors distill out of each tube in 
the series. 

The idea is to have a thin film of oil flowing along the flat surface 
of the tube, and to withdraw vapors of different density at the various 

‘ Chem. Abe. 1917, 3424; J. Am. Soc. Mech. Eng. 1917 (39) 831-4. 

* U. S. Patent 1,166,375, Dec. 28, 1915. 

• U. S. Patent 1,180,237, April 18, 1916. 
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points in the tube system. Steam is also used to assist in the evapo- 
ration and to protect the vapors from cracking. • 

T. E. Murray and E. B. Ricketts ^ coke reduced crude oil by spread- 
ing it in a continuously flowing film over the inside of flues through 
which hot gases are passing counter currently. 


Ay Fig. 48, is a cylindrical still shell, open below and supported above a pit 
B which contains water, into which the lower end of the shell enters. On one side 
of the •shell is a chamber C, into 


which enters a gas burner D, the 
heated gas current from which passes 
upwardly through the shell and es- 
capes at the duct E, which opens into 
shell A through the head F. 

Above the shell is a ring duct 0 
.which by pipe H communicates with 
a source of supply of the crude oil 
residuum to be coked. Depending 
from ring (7 and passing through head 
F are a number of short delivery pipes 
/. The outlet ends of these pipes are 
flared, and the ends are turned hori- 
zontally, so that the escaping re- 
siduum is projected from each of these 
pipes / against the inner surface of 
shell Ay and then flows downwardly 
along the Surface in a thin layer. 
The thin layer of residuum is acted 
upon by the ascending current of 
hot gas from burner D, and because 
of its thin or film-like character, the 
volatile products — in the case of 
crude oil residuum, fuel oil and wax 
tailings — are rapidly evaporated, 
and pass off by duct E. The coke is 
deposited upon the inner surface of 



♦the shell, and can be readUy detached 43 , _ Method of coking oil proposed by 
by percussion on the outside of the Murray and Ricketts, 

shell, so that it falls off and drops 

into the water in pit B. The object of flaring the ends of delivery pipes / is to pro- 


ject the residuum as flaring or expanding jets, and in this way insure that the 


layer, sheet or streams which flow down the inner surface of the^^ shell shall be 
thin, and readily volatilizable by the hot gas. The pipe H is surrounded by a 


jacket Ky through whicTi may be passed hot gas. 


» U. S. Patent 1,203,866, Feb. 11 , 1919. 



CHAPTER VI 


REFINING UETKODS — Continued 
Forward’s Processes 

Forward’s methods endeavor to reduce crude oil in such a way as 
to continuously secure naphtha which needs little or no chemical treat- 
ment. They are based, in part, on the principle of vaporizing the oil 
and effecting separation by fractional condensation. Superheated 
steam is the heating medium. 

Forward ^ atomizes crude oil with superheated steam and injects 
the mixture into a shell where a high pressure and an elevated temi 



perature may be maintained. This separator (Fig. 49) is provided with 
a superimposed dephlegmator (C). Just beyond the dephlegmator 
there is a relief valve which may be set, say, at 100 pounds. An ex- 
cellent separation of light and heavy oils is said to take place, and by 
reducing crude oil in this way, there is stated to be obtained, in one' 
operation, an unusually large jdcld of commercial naphtha. This 
process evidently aims at producing a commercial gasoline or naphtha 
in one operation, which, without further treatment with acids and 
alkalies is “cacceptable to the trade.” 

Following this, Forward brought out a number of improvements. 
That shown in Fig. 50 * consists in continuously subjecting the crude 
oil residue from one “ separator ” to retreatment. Four separators are 
shown in series, each provided with a superimposed dephlegmator or 
» Chem. Abs. 1916, 2144; U. S. Patent 1,189,083, June 27, 1916. 

* J. S. C. I. 1916, 1254; U. S. Patent 1,202,823, Oct. 31, 1916. 
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‘‘ clarifier.” The residue in th(‘ first separator in the s{‘ries is rctrejitcd 
in tlie sanie way and imd(‘r about th(‘ same conditions, in the second 
separator in the series, and so on. The prcssur(i in th(^ separators and 
dephlegniators is oO pounds or higher and the temperature approxi- 
mat(‘ly 400° F. (about 200° C.). 

A still further improvement^ consists in maintaining an increased 
temperature and pressure in each siK^cessivc; separator. This is done by 

admitting to ('ach sei)arator an in- 
cH'ased volume of superh(\at('d steam. 
This in turn is don(^ by using, in ad- 
dition to the nozzle in the front of 
each s(‘parator, a steam injector as 
shown at A (Fig. 51) which permits 
the use of a much larger volume of 
st(‘am (ind also mix('S the residue fi’om 
th(‘, next ])r(‘ceding separator with 
fresh sup(‘rh('ated st(\‘im before the 
mixture passes through th(‘nozzl(' (/i). 

Recently torward^ has proposed a method for ol.)taining in a single 
opc'ration (without filtration or n'-iamning or tr(‘atm(‘nt with acid and 
alkali), wat(‘r while gasoline suitable as motor fu(4. This (‘onsists in 
pumping oil to be strij)ped, for example, crud(‘ oil, through three inde- 
piaidently h(‘at(‘d s(*ts of pipe coils, und(‘r high pr(\ssur(' and discharg- 
ing the heatc'd oil, atomized with supiTheated steam into a separating 
drum (Fig. 52) wlicTe pressure is also maintained. 

l-lach coil of pijK' is located in a hif^li pressure drum (.1, /?, C, Fi^r 50 ). lliRhly 
heated ])r('s.sure (200-:}(M) pounds) .st(>am is admittcnl to drum F and flows con- 
si'cutively to drum If and ,1, with a consisjucait decrease' of temperature' anel pre's- 
suie 111 e’ae'li elrum. H(\sieluuin ceellects in tlie heittom e)f the' se'paraleir and volatile 
hydreie’arhenis and sle'am pass inte) a serie's eef eh'phle'gniateirs l''urtheT separation 
take's [ilae'O here* anel retiiu'el meiteir fue*l is saiel tej be finally eibtanu'el after remeival 
of condensed ^vater. 

horward has also designed a numlx'r of jirocesses for recovering, in 
one oiieration, a high yield of gasoline from crude oil, which involve) 
atomizing and va])orizing the oil in retorts by means of superheated 
stc'am and Then effect ing the separation of the' various fractions by 
fractional condensation.’'^ Fig. 53 ^ shows a retort setting for one of 
these processes. 

1 U. S. Patent 1,274,40.5, Aug. G, 1918. 

® T. S. Patent 1,299,449, April S, 1919. 

3 U. S. Patents 1,088,693, March 3, 1911; 1,181,301, May 2, 1916; 1,247,808, 
Nov. 27, 1917; 1,2.5.5,119, Feb. .5, 1918. 

* U. S. Patent 1,255,149, Feb. 5, 1918. 
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In 53, lh(‘ vaporizing r(‘tort.s art* shown at A provided with 
jackets ^or superheated st(‘ani. Steam is superheated in coils located 
in the fire box beneath tlu* r(‘torts. The st(*ani pipe conveying super- 
heat(*d steam th(‘n emerges from tin* int(‘rior of the furnace and leads 
to a distributing header in the front of the furnace. From this header 



superheated steam is delivered to the jacket of each retort. The re- 
torts are connected in series. 

Oil is pumped through an oil jireheater on top of the furnace where 
superheated steam accomplishes the pn'heating. The oil is then in- 
jected by means of superh(*ated steam to the uppermost n'tort, passes 
through all the I’etorts and j)rogresses to (h'phlegmators for the recovery 
of naphtha. •• 

^ See also C. 13. Forward, British Patent 117,372, Get. 27, 1017 French Patent 
481,494, Dec. 8, 1916, U. 8. Patent 1,247,808, Nov. 27, 1917. 
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DISTILLATION UNDER PRESSURE* 


Tlu' (listilhition of heavy oils uiHh'r |)r(‘ssin‘(‘ has fiiniislu'd n con- 
siderable portion of the output of “ erack(‘d ’’ gasoline in the United 
Statesf It is eontiaided by soin<' that th(‘ method of distilling and 
(*ond(‘nsing undi'r pi'essiire, as pra<*lici'<l by a vi'ry largi' oil eomjiany, 
yii'lds the smallest amount of un<*ond(‘nsed gas i)(‘r gallon of “ gas 
na|)htha ” produeial, of any of 
th(‘ cracking ])roc(‘ss(‘s com- 
iiKM’ciallv j)i'aclic('d for the 
pi'oduction of gasoliiu' at th(' 
pri'scnt time. Tlu' method 
r(‘f(Mr(‘(l to has assunuMl viay 
large ])ro[)ortions in tlu' last 
t(‘n yc'ars and this is proof in 
its(‘lf that th(‘.('arly dilhciilties 
(Micountered wi'i’i' not insur- 
mountabl(‘. In thi' original 
Burton jiroci'ss ((dia]v X)only 
about one-third of tlu' charge 
of oil could be distilled, ac- 
• cording to Humphreys,^ owing 
to the accumulation of carbon 
d(‘posit on th(* still bottom. 

OiH' of Ilumphriys’ improve- 
mentsconsists in eiiuipping the 
still with a niimlK'r of false bottoms (see Fig. oT). It is natural that the 
original method should have becoiiu* considerably modifii'^l as e.xpiai- 
('iice, in the hands of skilled operators, was gained. Effort is inadi'. 
herein to show the natur(‘ an<l trimd of these d('V(*lopments. 

* Sof fhaptor on Burton process. 

2 r S. J»Htont 1,122, (K)a, Doc 22, 1914. 



Fig. 54 


- llurni)hroy’s modification of the 
Burton .‘'I ill. 
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Eajly Experiments and Processes in Decomposing Oils by 
Distillation ^ 

In 1805, as woll as in 1821, Henryk described the gas obtaiiK'd })v 
cracking animal oils, fats and waxes, noticing tli(^ formation of ethyleiu'. 
In 1805 Young •'* took out a pati'iit for increasing the yield of burning 
oils by distillation under a pri'ssure of about 20 lbs., which was followed 
in 1806 by that of Vincent and otlua-s ‘ in which the vapors were partly 
cooled at the still -head, th(' cond(‘nsates b(‘ing allowi'd to fall ])ack on 
the hot residue's; and a provisional patent in LStiO by Scot and Maclvor.^ 

In the meantime, the (pK'stion was being discussc'd by Hirsch,® 
Stillman,^ and Peckham,^ from a tlu'on'ticnl standpoint; an account 
of his ])rocess was publislu'd by Young in 18()7,'’ which was followe'd in 
1871-1878 by the' famous researche's of Thorpe and Young’'’ on the 
('fleet of distilling solid paraffin iiiuh'r prc'ssure, tog('th('r with a (h’scilp- 
tion of products foruK'd, boiling Ik'Iow 200'^ ( \, these products con- 
sisting of paraffins and oh'tins as follows: — amyh'tu', pc'ntane, h('xyl- 
ene, h('xane, heptyh'iu', hi'ptaiK', octylene, octane', nonvleiu', nonane, 
unele'cylene, unde'erane and possibly caprylide'ne', but with no trace of 
be'nzene. 

Studying methexls of incre'asing yiedds of illuminating oils from 
petrole'um Lisenko^’ found that whe'ii petrole'um is ehstille'd, it is not 
only split up into its exinstilucnts, but ce'rtain ])arts of the higher- 
boiling fraction are^ de'c^onpiose'd into bodie's of lowe'r boiling ])oint, 
the yield of these' varying with the' time' ot he'ating. By hejiting re'sidue's 
from (\iucasian petroleum at t:U'"-5()r (\ (818° 984° F.) theyic'ld of 
kerose'ne was incivase'd by 80 per cent. 

Benton lu'ated oil undi'r pre'ssure (500 pounds) to a temperature 
of 871° .);17° (\ (700°- 1000° F.) and then expande'd the' reaction product, 
in orde'r to incre'ase' the yield of burning oil. 

^ From a discussion hy Lomax, ,J. fnst. IVtrolcum Tcclmologisfs, lOKi (3), 
p. 3(3, et SCI]. 

2 Joiirn. Niit. Flul. (’hem. .\rts, 2 (\i), (35: IMiil Trans. 1S21, 1:3(3. 

2 British Patent 3:J45 (1S()5). 

* Vincent, B.ichanls and Others, British Patent (31(3 (1S(3(3). 

* British Patent 25.SS (1S(3()). 

® ('hem. News, 1S()S, xviii, 51. 

Amer. Journ. Sci. 1S(37 [2], xliii, 242. 

* .Vmer. Journ. Sci. 1S(39 [2], xlvii, 0. 

® Polyt. Jour. 18(37, clxxxiii, 151. 

Proc. Hoy. Soc. 1871-1873; xix, 1370; xx, 488; xxi, 184, 

“ (lorn. Journ. 1887 [ii], 349; Polyt. Journ. 1887 [e'clxvi], 220. 

U. S. Patents 342,504 and 312,5(35 (18.80). 
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In 1889 Redwood and Dewar ^ patontcMl tluar wdl-known proct'sK 
for incroasin^ the yield of light oils from ri'sidues by dislilhftion and 
(•ond(‘nsa( ion undc'r pressure. This proei'ss gave v(‘ry good results. 
It was desigiual with a view to inereasing the yields of kerosene fi'oni 
Russian oil, and thus deereasing the amount of ostatki ])roduc(‘d, 
whieh was then somewhat of a drug on tlu^ market, but the emjiloy- 
nu'iit of ostatki as a fiu'l eame into prominene<‘ about this timi', and 
it b('(‘aim‘ as valuabk' as the keroscaie whieh was ])rodu(“ed from it, 
and so th(‘ proei'ss was abandoiual for lh(‘ tinu' at li'ast. 

In 1893, Engler and Singer - obtaiiu'd Milid paraflin of m j). 19”- 
r)l”(k (120° -121” K.) by the dry distillation of fish oil, and in lSt)7 
Engler, by distilling animal fats und(‘r pr(‘ssui(\ obtaiiu'd oils con- 
taining little nitrog(‘n which w(‘re howcvia- of light gravity and low 
1)oiling point, and did not account for th(‘ oils of high gravity, moh'cular 
wi'ight and boiling ))oint found in pi'trohaim. Ih‘ proposi'd to ascribe 
till' production of tlu'si' higlu'r compounds to th(‘ gradual polymi'rization 
of th(' lower OIK'S, and gav(' instanci's of small incri'asi's of spi'cific 
gra\'itv on standing. In th<' sanu* yi'ar, along with Lehmann, lu* 
('xamiiK'd the products of the distillation of fish oil undi'r pri'ssun', 
identifying tlu' oh'fins from lu'xyh'rK' to non\l('n(', paraffins, bi'ii/K'iie, 
tolui'iK', iiK'taxyh'iK', iiK'sityh'iK' and pscudo-cunu'iK', whih' th(' jiri'Si'iice 
of naphthenes was not conclusivi'ly provi'd. In anothi'r ])ap(‘r h(‘ 
showed, in conjunction with Jezioranski, Griining an<l Schneider, that 
thf' n'sidiK's from th(' distillation of pi'trolcum boiling abo\'(' 200° (\ 
(392° F.) l('(*()nipos('d on lu'atmg in opi'ii vi'sscls or uiuh'r ])r(‘ssure, 
giving the lowi'r niciiilx'rs of tlu' paraflin aial ok'fin s('ri(*s from ( ’(; to 
(bn, along with aromatic hydro(‘arbon^ .‘ind soiik' naphtlu'iK's, but 
wlu'n h('at('d in vacuo distilh'd without di'composition. Later in UlOO 
Engler and Rosner ('xamiiu'd the gas pro<luc('d m tin* cracking of 
Baku crude oil, finding it to consist mainly of methane, etharu', hy- 
•drogi'n, and unsat urati'd hydrocarbons. 

Kramer and Spilker*^ in 1900 gave' the n'sults of distilling Baku 
ri'^iducs at ir)0°(b (842° F.) undi'r 20 atmospheres jnx'ssurc, light oils 
b('ing formi'd; and in 1901 Edeleanu ^ obtainc<l aiomatic hydro(‘ar])ons 
by superhi'at ing c('rtain fractions from Rumanian crude oil, whih' 
Singer^ in 1903 1904 showc'd that with Rumanian jK'troh'um cracking 

* Sco Dewar and Redwood, IX 

' li(‘r. 1S93, xxvi, 1449. Bcr 1S97, \\-\, 23.’)X. Bcr 1<S97, xxx, 230.'). 

® Allg Ostorr. (Tom -Torhn. Zn’t. 1901), \\iv, Xo. 9, 

® Bor. 1900 [xxxiii], 2205 

’ (Tom Rov Fott-Harz-Ind ItlOl fviii], 03. 

8 Chem. Rev. Fett-Harz-Ind. 1903 [x], 271; 1901 [xi], 3. 
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takes place at as low a tiMnpc'rature as 200^-300° C. (392°-572° F.). 
Ipatiev, 1904,' stated that in the distillation of petroleum under 
pressure, at the hij^lua' pressures the evolved j^ases Ix'coiue continually 
poorer in hydrogc'u, in spite of the higher ti'mperatures required to 
maintain the higlu'r pn'ssures. Tin* pr(*ssures em])loyed in his work 
were from 120-340 atmospheres. 

The Development and Refinements of the Method 

B. B. Freud, ^ n'terring to pn'ssurc distillation, says that if ‘‘crack- 
ing ” is don(‘ at “ liigluM- pn'ssun's ’’ the amount of oh'fins is less. 
Likewise at liiglu'r pressun*, in spit(‘ of the highc'r tempi'rature neces- 
sary to maintain it, the amount of hydrogen in the evolvi'd g.ises is 
less; h(‘nc(‘ the simultaneous use of higher pressures with high tem- 
peratuH's to get a produet rielua* in saturated hydrocarbons than is 
obtained by tlu' us(‘ of high tianperatun' alon(\ Whether, it is stated, 
the smalh'r amount of olefins is a result of hydrogenation und(T the 
new conditions as is ])lausibl(‘ from th(‘ work of Whitakia* and Hittman, 
or whether tlu* saturat(‘d hydrocarbons are formed simultaiKHmsly 
with the appearance of tlu* dissoeiati'd hydrogiai and oh'fm (or alkyl- 
idene) as is indicat(‘d liy Bacon, cannot Ix' d('t(‘rmin('d at pri'si'nt. 

Krey,3 i iccording to Graefe and Walther/ distills heavy oils under 
pressure of 2-0 atmospheres in ord(‘r to obtain illuminating oil. 

A, Riebeck’s Mining Works, Inc.,'’ distills h(‘avy oils undc'r prc'ssurc 
to produce naphtha and burning oil, and places the control valv(‘ be- 
tween the still and eomhaiser. 

J. Laing proposes to crack lu'avy oils by r('peat('d distillation or 
volatilization and coiuh'nsation under a pressure not greater than ten 
pounds per S(]uar(‘ inch. A si'ctional view of the ai)paratus used for 
this purpose is shown in Fig. 55. The still is internally divided into 
compartments by partitions extending from the top downwaid to 
within about sixteen inches of the bottom. A series of condensers are 
provided one for each compartment. Tlu' idea is to distill oil from 
one compartment to the next and finally have it pass out through the 
gooseneck shown on the right hand. In each succeeding compartment 
of the still,‘1t is said, more and more light oil is found, the largest 
amount accumulating in the compartment 7?^. Possibly the purpose 

^ .Turn. Russk. Phiz, Khim. Obsch. 1904 [xxxvi], 7S6; Bcr. 1904 [xxxvii], 2961. 

^ The (^hcmical Engineer, 1915 (21), 161. 

’ (lerman Patent 37,728 (1886). 

* British Patent 25,510, Nov. 7, 1913. 

German Patent 37,728, Klas.se 23, Feb. 28, 1886. 

• British Patent 4120, March 17, 1890. 
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is to combine in one still the action of several stills. The equipment is 
desigiu'd to heat each compartment to a proj»ressively decreasinjf de^»:ree. 

Soon afterward ‘ Laing interposed a vapor cracking chamber be- 
tween the gooseneck and condenser and at about the same time also 
propos('d “ placing a loaded valve between the still and the condensi'i* 
and a cooled (‘xpansion chamb('r just beyond the loaded valve. Laing 
did not cond('nse imder pi'(\ssun'. 

Subv^(*(iuently ^ Laing states that the condimsers attaclu'd to the 
S(‘veral compartments were not as satisfactory as could b(‘ desired, 



hist because* the* cold oil from a condens(*i- running into the* hot oil in 
the conqiartment iimiH'diately b(‘neath it cool(‘d down the* boiling oil 
in that compartment and interh'red seriously with the process of dis- 
tillation, and secondly that any \\ater in the* oil would lx* vapen’izexl, 
e«nd(‘nsed and llu'n, in the form of cold wat(‘r, be* admitt(‘d to the 
boiling oil in the corresponding eonqiartment, with serious n-sults. 
This is improved by trapping the reflux condensate's, separat'ng the* 
water and ihe'n more graelually he*ating the* e)il be*fore* allowing it te) How' 
into the still again. , 

The proce'ss eif Halcour and Pilgram ^ is saiel by Graefe and Walther ^ 
to involve elistillation under pressure with the* aiel eif inert gases. 

^ British Patent 11,070, .lulv It), IH^^M). 

» British Patent 11,7.57, .July 2S, ISOO. 

* British Patent 23,440, Oet. 24, P.MI. 

* (lerman Patent Application Class 23 B L 32,413. 

^ British Pateait 2, 5, .510, Nov, 7, 1013, 
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Graefe and Walther ' instead of distilling at moderate pressures 
and condensing under pressure', seek to obtain saturated low boiling 
hydrocarbons from heavy oils by distilling under very high i)ressur(i 
(40-50 atmosphere's). A heavily constructed retort (Fig. 56) is heated 
by a bath of melted le'ael. The regulating valve A is hdweoi the 
retort and condenser. B is a valve for controlling the eliseharge 
of residue. The proce'ss is inteneled to be continuous, that is it is 
intended to pump e)il inte) the retort and withdraw re'sidue's, without 
discontinuing the application of he'at. The use of such high pressures 



would appear to necessitate limitation to apparatus of small dimen- 
sions. The best raw material is said to be distillation residiu's frc'e 
from gasoline and illuminating oil, such as German, Galifornian, Mexi- 
can or Gealician still resitlues. 

Von Groeling^ effects cracking in a column still to which preheated 
oil is admitted by spray-producers and which is lu'ated by pipes through 
which circulates oil heated in a horizontal still under a pressure greater 
than that obtaining in the cohimn still. A p\unp tills the horizontal 
still with crude oil at the beginning of the operation, and afterwards 
su])plies sufficient residual oil from the ba.se of the column “ .still ” to 

’ Itritish Patent 25, .510, Nov. 7, 1013. 

2 J. S. (\ I. 1015, 1045; Uhem. .Vhs. 1016, 27.3; British Patents 10,21.3, 1013: 
16,713, July 13, lOlS, 4; U. S. Patent 1,205, OS Feb. IS, 1010. 
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maintain tho reqiiisilo prcssuro in tho horizontal still. The oil is 
cinailated throuj^h the horizontal still and heating |)i[)es bf means 
of a pump, and a rogulat(‘d quantity is allowed to eseap(' tlu’ough a 
pipe into th(‘ column “ still ” where it vaporizes. Superheati'd steam 
IS iilso admitt(‘d at the base of the latter. 

Von Groeling ^ distills oil with steam and passes the vaiiors through 
cracking tubes {F', Fig. 57). Cold oil, under a gravity head of pressure 
(from a sujiply tank not shown) passes through thes(‘ cracking tubes 
in a direction counter to the direction of the vapors. Both the licpiid 



Fig. 57. — Still, heat exchanger and <le])lil('ginator, according to 
on ( Jnx'ling. 


‘and vapoi' jihasos are therefore pri'.sent. in the tubes; and cracking 
jVid distillation take jdace simultaneously. The tubes are constricted 
by means of a worm M. Owing to the n'sistanci* to flow offered by 
th(^ restrictions in the tubes (and in tli(‘ d(‘/)lil(‘gmator J also) a ])r(‘ssuiv 
of about 1.5 at mospluM'cs anrl a ixirrcsj ion ding ti'mjieraturc is said to 
pnnau'I in the still and tulx's. Eri'sh oil ('liters the upjx'rmost tub(* 
through the supply pi])(' /v. 

The vapors and gases pass to a, dc'phlcgmator provided with 
pans, which separate tin' vapors and gases into cond('nsat('s of different 
gravitic's. rncond('ns('d gas"s ('scap(‘ through the pipe' /f on the top 
of th(‘ (I 'phk'gmator. The tubes F' act as h(*at (‘xchangers as wc'll as 
in a cracking (xipacity. 

‘ liriti.sh I\'it('nt 10,21.% ,V|)nI :{(), 101.% 
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R. F. Bacon and C. W. Clark ‘ Imvo found that the yield and quality 
of gasoline begins to decrease at pressures Ix'low 100 pounds in the 
still. They have; found that about 800 pomuls is the ui)per limit for 
practical purposes. The apparatus us(‘d is shown in Fig. 58. 

Thoy state that within eertain .approximale limitations of pressure, the yield 
of giisoline will he materially greater than when the (list illation is effected under 
pressures above and below such limitations; and aside from the lower yields of gaso- 
line, that the economic conditions of operation are jirejiidicial when elTected both 
above and below these limitations of pressure. As far as the increase m gasoline 
yield is concerned it mav be stated that a mixture of hvdrocarbons of boiling jioints 
ranging from about 30° to 150° C. (S(r-.302° F.) at atmospherii; jiressure, that is, 
low boiling point In drocarbons, may be obtained in relatively large quantities from 



hydrocarbons of boiling points of about 250° (’ (4S2° F ) and upward at atmos- 
pheric pressure, in other w'ords, from high boiling point hydrocarbons, by distilling 
these high boiling iiomt hydrocarbons at a pressure ranging from idjout, 100 to 300 
pounds per square inch. Bacon and ('lark observed that not only are largi' quantity's 
of low boiling iioint hydrocarbons obtaiiu'd by distilling high boiling jiomt hydro- 
carbons at a iiressure ranging from about 100 to 300 ijouiids \)vr sciuarc inch, but 
the quality, also, of the low boiling point Iiydrocarbons thus obtained is better 
for commercial purposes than that obtained by distillation at pressures below 100 
pounds. The percentage of saturated hydroearlions is gri'ater whi'ii distillation 
is effected a^ pressures aliove 1(X) pounds than at pressures below^ it, and is practi- 
cally a constant quant it v at distillation pressures above about 100 jiounds. ('on- 
sequently, the subsequent refining loss, due to the presence of the unsaturated 
hydrocarbons, wdiich yield tar bv the action of th(' refining acid, is lessened. This 
loss, wdiich is fairly uniform with gasoline resulting from distillation at 100 pounds 
pressure and iqiw’ard, increases rajiidlv with gasoline resulting from distillation 
at pre.ssures ranging downwardly from 1(X) pounds, d'ht; operator, in establishing 
the pressure jirevailing within the still within the described range, likewise pro- 

1 U. 8. Patent 1,101,482, June 23, 1914. 
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vidos for such rate of distillation as will give at least the minimum proportional 
yield of low boiling hydrocarbons desired. This, for commercial purpiftes, may 
be taken at say IS p-^r cent by volume, of saturated hydrocarbons. 

In determining the a])[)ro\imate lower limit of 1(10 pounds pressure per sipiare 
incli, it is stated that when high boiling point hydrocarbons ari' distilled at a pres- 
sure below about 100 ])ounds, (here is a ri'latively small yield of low boiling ])oint 
hydrocarbons as (‘ornpared with that obiaineil by distillation at a [iressure above 
1(X) {lounds, all other conditions being the same. Furthermore, such yields of low 
boiling pftiiit h\drocarbons as may be obtained at a pressure b(‘low' about 100 jiounds 
are elTected only at such sacrifice of time and fuel as to ri'iidi'r wairking at such low 
])re>sures uneconomic and impractical. In determining tlu* uppiT limit of about 
iiOO jiounds fier stpiare iiK'h, above this distillation pressure there is not only 
a dropping off of the perciaitage of obtainable low boiling point hydrocarbons, but 
th(‘ still Ih'coiik's ciiated with coke .so rapidly that its hi‘at condui'tivity is diminished 
and theri^ is a constant ]i;d)ilitv of its blowing out .VIso, the loss of hydrocarbons 
tlyough gasification whi'ii distilling at jiressuK's abov<‘ approximately 300 pounds 
is a piH'judicial fai'tor. 

The temperaturi‘ dejamds upon th(‘ characti'r of the high boiling point hydro- 
carbons tr('at('(l. ’'Idle tmnpi'rature in cxich instance is such as to keep the rnas.s, 
wdiich is bi'ing distilled, uiidi'r a pre.ssuK* of from about. KM) to 3tM) pounds. As 
an examiile of the ti'iiqx'raturc' which mav lx* napiired, a naliK'ed Oklahoma petro- 
leum (having had its gasoline and km’o.sene (‘omponents removi'd from it) distills 
under a iiressuri! of about 200 pounds at a temperature ranging from about 3.)0° 
to fiOO" (* (()!)2'" -'.)32'' F ). In ordi'r to obtain thi‘ d(‘sir('d low boiling point hydro- 
carbons from the distillate thus produced, it is subj(‘cted to (he ordinary fractional 
distillation at atmosphei’K; pri'.ssiire, siibseiimaitlv to th(' distillation und(*r pressure. 

It is stated (hat it has Ix'en po.ssible to obtain as much as 12 per cent of 
gasoline, that is, hydrocarbons boiling at a t(an|)erature ranging from about 
30'^ to 15(1'^ (k (S(»° 302'^ F ) at atmospheric jin’ssiire, from hydrocarbons which 
bi'fore being subji'cti'd to the tri'atment contaimal no low’ boiling jioint hydro- 
carbons This increasi'. in tlie yield of low' boiling hydrocarbons is not nearly so 
gri'at will'll the mass of high boiling point liMliocarbons is first heati'd for a con- 
siderabli' li'iigth of time in a closed still or other recejitacle to a pressure betw’oen 
10(1 and 300 pounds ])er s(|iiar'’ inch, and subseijui'iitly distilled at about atmos- 
pheric i)i< sun', as wlu'ii the distillation is effecti'd under the pre.scribed limita- 
tions of pressure. 

• 

G. P. Lewis’ lu'iit.s oil in the Iowcm- part of a vortical cylindrical 
apparatus by an external stc'ain or hot ga.s jacket and the vapor passes 
upw’ards into a cracking chanilK'r which contains a set of baffler plates 
and is heatcal externally by a steam or hot gas jacket, or Jnternally 
by luxating coils. TIk* ti'inperatnre of tlu‘ heating medium varies 
from 100‘^-500° C. (7o2°-032° F.) and the pressure of the oil gas from 
60-280 pounds per s(|uare inch. The cracked vapor passes upwards 
to a tubular condenser cook'd by water at about 150° Ck (302° F.). 
The temperature of the water is varied by a pres.siirc control valve. 

1 J. 8. C. I. 1010, 1101; British Patents 12,IS8, Aug. 24, 1915 and 2509, 
Feb. 19, 1916. 
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Uiicoridensed gases or hydrogcai or l)olh may be iniroduceci into the 
cracking chamberd 

Chamberlain ^ in cracking under pressure ^ to obtain both gasoline 
and kerosenes finds that fuel or gas oils (oils having an Engler viscosity 
of seventy seconds to one hundred and seventy S(‘conds at 100° F. in 
an Engler insli-iiment in whi(rh water has a viscosity of fifty-three 
seconds at the same temperature) do not give in his process such large 
yi('lds of gasoline and water white k(‘ros(Mie as the entire heavy paraffin 
distillate yields, on pi-c'ssure distillation at about seven ty-fiv(i poundsd 

Uluimlx'rluin states tliattlie entin' heavy paraffin distillate obtained in the dis- 
tillation of enide petroleinn, (rented with sulpluiric aeid and alkali, and retaining 
its eontc'iit of iiarafhn wax, ean be dislilhal under supc'ratmospheric; pn'ssure 
with the prodiKdion of what may be (‘all(‘d high jiressure distillate yi(‘lding a 
large pro[)ortion of finished naphtha with boiling points up to :t3S° F. (170° C.) 
(more than is obtaiiK'd from high ])ressur(‘ distillate* produeed by distilling gas 
oils or fuel oils under like eonditions), and also a large profiorlion of kerosene of 
belter (luality than oil distilling over betweim the same limits of tc'inperature, 

F. to 51S° F. (170°-27()° (-.) whieh have b(‘en obtained from llu* high pressure 
distillate produeed by distilling gas oils or fuel oils und(T like eonditions. The 
kenxsene from heavy [laraffin distillate, aeeording to (diamberlain, is lighter in gravity 
and lower in viseositv than that from gas oils or fiu'l oils and has also ])rov(‘d 
itself superior to the latt(‘r in burning tests, not exhibiting the* same tendeney as the 
latter to smoke, to produee a hard erust on the wiek or to throw out inushroom- 
sha[)ed formations of earbon on the wiek. 'Fliis improved quality of kero.sen(‘ is 
of sfieeial import anee on aeeount of the seareitv of high quality oil whieh eould be 
used to mix with inh'iior oil in order to inerea.sc^ the yield of a desired standard 

Hi'avy paraffin distillate in eaeh of four forms, that is to sav, eithiT pressed or 
mqiressed and either treated or untreated with sulphurie aeid and alkali, ean be 
distilled undi'r jiressure, although not for all of the forms with thi* sami* advantage 
Such hi'avv paraffin distillati* in eaeh form eontains liquid hydroearbons with vis- 
cosities normal to heavy and medium grades of lubrieating oils and also hydro- 
carbons with the intermi'diate viscosities mentioned in .such n'lative proportions 
that in the distillation under |)ressure the de(a)m|)osition of thi* hydroearbons of eaeh 
kind is modified by flu* ])resen<*e of the other kinds. For ex(‘rting tliis modifying 
effc’ct the hydroearbons of any of the kimls should not be le.ss than about ten per 
cent by volume of the sum total and in the distillate mentioned the kind jiresent in 
least proportion is in excess of ten jier cent. This distillate is also so far free from 
still wax and like* heavy matters of sticky character or coki; that charges of the 
distillate of^ practical size can be distilled under a supc^ratmospheric pressure of 
seventy five pounds to the square inch to the extent of fifty per cent or more by 
volume without heating the still bottom to redne.ss. 

1 See also Lewis, liritish Patent 7535, May 19, 1015. 

2 J. S. C. I. 1017, 541 A; IT. S. Patent l,221,7fX), Apr. 3, 1017. 

^ Condensation does not take place under pressure. Pressure in the still is 
built up and maintained by a valve in the vapor line. 

* The statement is made that, in distilling under pressure, the vapors evolved 
should not be heated above the temperature of the oil. 
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The still a, Fig 50 is of box-like form and of a capacity corrcS}X)nding to a hori- 
zontally disposed cylinder eight feet m diameter and eighteen to thirty feet in length. 
It is siijiported above a lireplacc b for heating and has its upper jiortion exposed to 
the atmosphen' with little or no protection against cooling. It i.s provided with a 
dome n. A burner d has a gas .su])ply pipe c jirovidi'd with a controlling valve/. 
The still, w'lu'n its bottom becomes heated to incipient redness (the ordinary in- 
dication of danger to a still bottom from overheating should distillation be con- 
tiniK'd), should be able to withstand an internal j)res.sure in .such exce.ss of eight v 
pounds per sfiuare inch above atmospheric pre.ssure as to alTord a proper margin 
of sah'ty. 

The intermediate .section of the still (.see Fig. 00) is best protected both from 
the Mtmosphere and from the fin* ga.ses, the contents of the so protected portion 
being not le.ss than about half the capacity of the still. As shown, about a third 



of the exterior surface* of the* still is (‘xposed to tlu* atmosphere, approximately 
allot I kt third is exiio.sed to the tin* ga.ses, and the remaining portion, approximately 
one-sixth on each side, is inclosed by and in contact with the walls of the still .setting, 
d'he vaiior jiijic (j leads from dome c to a conden.ser coil h immer.sed in a tank j. 

•Wate'i- is supfilied to tank j by pipe k and withdrawn therefrom by pipe /. At m 
within tank j is a gas scjiarating box with a gas escape pipe n leading from its toji 
and a distillate outlet iiijie p h>ading from tlui bottom to a receiver (not shown). 
At (j is a gas ni.ain for carrying awaxy the gas to b(‘ burned. 

The vapor j)i[)e g is ])rovided with an (‘xjiansion valve r. i\s the best conduct 
of the pre.ssure distillation, (Chamberlain observ<*s, requires a clo.se^ regulation of 
the volume of escaping vapors, the valve port .s, Fig fit, is of small size as compared 
w ith the bore of vapor pipe g, which bore should not be le.ss than about three 
inches in diameter in ord(*r to avoid difficulty from choking. The valve shown is of 
the needle type. Heretofore in plans for distilling ])etroleum oils under su|)erat- 
inospheric pressure a relief valve wdiich rises automatically when the pressure reaches 
a certain degree and clo.ses when the pressure falls below the .same degree has been 
utilized. The u.sc of such automatic valve is not nece.ssarily excluded; but its u.se 
is stated to be attended with no advantage; while, on the other hand, it adds com- 
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plication to the apparatus and is liable to cause danger or inconvenience by stick- 
ing. Jf used, it would be advantageous to provide means for manually regulating 
the extent of the valve’s opening and for forcing it iiositively to and from its seat, 
should occasion arise 

The still IS provided with a prchsure gage ?/, a safety valve for relieving said 
jiressure should it accidentally become excessive, a pyrometer to indicate the 



temperature of the oil in distillation, a .second pvrom(*ter to show the tempia’ature 
in the vapor space at the front of the still, a third p\rometer to a.scertam the 

tcmpi'rature of the vapois as tlu'v leave 



Fig. 01. — Pressure control valve 
(Chamberlain process) . 


the dome a and jiass over to be condensed 
as distillat(‘, an oil suppl> pipe, a valved 
discharge jiipe for the rc'sidual product., 
a steam pip(‘ for introducing sti'am at the 
clo.s(^ of each run in ord(*r to expel hydro- 
carbon vapors and to cool the still off more 
rapidly, and a manhol(‘ for cleaning out 
the still at the end of ('ach run. For ob- 
taining th(‘ oil to b(' supplied to still a 
crude petroleum is distilled to dryness 
under atmosphm’ic jiressure in externally 
heated stills. After th(‘ collection of the 
water white burningoil (kerosime) distillate 
and of such amount of the mixed distillate 
coming over subsequently as may be de- 
sired, the distillate which is subseijuently 
received is collected in the receiver for 
heavy paraffin distillate as long as it is 


sufficiently free from still wax t,o be readily 
pressed for paraffin wax. As.suming that the crude oil operated upon is from 
the Kansas oil fields and has itself a specific gravity of 0.8()3, this collection may 
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well includo all the distillate whieh at the condenser outlet is between 0.855 and 
0.004 in specific gravity at 60° F. (15 6°C.). Distillate which is received after- 
ward in tlie distillation of the crude oil may also be distilled to dryness, itnd the so 
obtained distillate, so long as it is free from still wax, be added to the heavy paraffin 
distillate of the crude oil run. 44ie material obtained in this way may be treated 
with sul])huric acid and alkali in the manner customary for treating heavy paraffin 
distillate preparatory to chilling and pre.ssmg. So treated, and with its content of 
paraffin wax intact, it constitutes heavy paraffin distillate in th<' form considered 
b('st to emi)loy for dc'composition in the still a. This material consists principally 
of hydrocarbons, which (if separate) would be liquid at 60° F.; but it also contains 
over four per cent by volume of jiaraffin w’ax (m solution). Its liciuid portion corn- 
jiiises hydrocarbons with vi.scosities normal to medium grades of lubricants (from 
one hundred and sevent\' seconds to tw'o hundred and ninety-seven seconds, as 
defined above) and also Inalrocarbons w’lth vi.siaisities normal to heavy grades of 
luliricants (from tw'o hundred and ninety-seven seconds ujiward) as well as hydro- 
carlions whose viscosities he between those normal to kerosene and those normal 
io medium lubricants (betwei'ii .sevi'iity s(‘conds and one hundred and seventy 
seconds). Each of these species of licjuid hydrocarbons is pre.sent in above 10 
per cc'iit by volume. 

sampk' from a particular lot of treated and impressed heavy paraffin dis- 
( illale wdiich, ( 4iaml)erlain reports had as a whole a .specific gravity of 0.881 at 00° F. 
was chilled and pressial for paraffin waix and yielded the latter at the rate of six- 
teen and a half pounds to each 42-gallon barrel of the unpr(‘s.sed distillate (equiva- 
lent to six per cent by voluin(‘). 44ie pressed sample w’as then reduceil with free 
superheated .steam introdiici'd into th(‘ oil and with fractional condensation of 
vajiors in a .si'ru's of condensers at different temperatures in the manner customary 
m obtaining lubricating oils (light and medium grades as distillat(‘s and heavy 
grades as residues) from jiri'.ssed [laraflin distillat(‘ and in this reduction yielded 
(1) distillah' with vi.scosilii's at the condenser outl(*t up to .seventy .seconds equal 
to one piT cent f)y volume of (he unpr(‘s,sed distillate, (2) distillate with viscosities 
at the condi>n.s(‘r outlet between .seventy .seconds and one hundred and .seventy 
.seconds eijual to appro .xiinahdy fifty -.six jier cent, and (5) distillate wuth viscosities 
at the condi'iiser oullet betwa'cn one hundred and s(*venty .seconds and two hundred 
and ninety-.seven .seconds eijual to ajiproximately fourtcHui per cent, leaving (4) re- 
sidual oil e([ual to aiiproximatcly twenty jier cent. TIutc was thus an estimated 
lo.ss of aoout two per cent by volume in the a.ssav The treated and unpre.s.sed 
heavy paraffin distillate is introduced into the still a until the latter is si.x-tenths 
*full. The contents of the still are then gradually raised in temperature, with valve 
r open, until the air has been exyielled from the still and oil afijiears as condensate 
at the condenser outlet-. Next the valve r is closed and the pressure in the still a 
is allowed to accumulate until tlie gage y shows 75 fiounds ])('r sijuare inch above 
atmospheric prc.ssure. 44ien the valve r is (‘autiously opened; and the heating 
is carefully regulated to maintain a pressure of 75 pounds without gremtly exceeding 
it. The extent to which the valve r is opened is an irnfiortant matter. It may 
well be opened so that distillate is received from the condenser h at the rati' of about 
two per cent by volume of the original charge per hour of running. The valve r 
can be adjusted if considered necessary, but m normal running thi' valve opening 
may be constantly established, .so as to allow a continuous escape of the vapors 
through it; and it need not lii' alteri'd in size, thus allowing an approximately uni- 
form escape of vapors wuth an approximatelv uniform pre.ssure in the still. As 
distillation proceeds, the oil in distillation becomes gradually hotter. Its tern- 
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f)eratures will be liinhor than (hose of the oil in a parallel run under atmospheric 
pressure; but they may be (and m distillinK heavy jiaraffin distillates under a pres- 
sure (>f seventy five pounds havi' been found to be) below those at which the vaiior 
tension of the undreoniposod oil is cislimUcd to equal the still iiressiire on the basis 
of considerinn the rise in vajwir tension of the uiidecomiiosed oil for a given number 
of degrees F. above its boiling point to be ciiiial (or sullieiently nearly equal) to the 
use ill vapor tension of benzene (coal tar naiihl.lia, t’„ll„) for an equal number of 
degrei-s F. above its boiling point; and eonsidermg the temperatures of the oil iii 
distillation m a parallel run under atmos|)herie pri-ssiires to represent, the boiling 
points of the undix-ompased oil. A table is given below nliich shows the teiii- 
peraliires of the oil in parallel runs on heavy iiaraffin distillali' under atmospheric 
pressure and under seventy-live pounds su|)eralinosplierie i-espeetively; and it will 
be observed by reference to it that at eorrespondiiig periods of the runs the diller- 
ence is less than l.il° hIucIi is the difference in temperature between benzene at 
Its boiling point (where its vapor tension eipials the pressure of the atmosjiliere) 
and at the point where its vapor tension is .seventy-five jiounds to the square inch 
above ulrnos|)lK'ric preshure. 

The evolved vapors are cooled in the exposed upiier part of still a and in dome 
c to a considerable extent (sav between about 1.50” F. and about .ViO” F below 
the eonteinporaiieoiis temperatures of the oil ui distillation) before they pass over 



Total distillate 70 tunc 0 h. .30 m ; total ilis. 70 time 0 h. 30 m. 
I’ereentages in table by weight, not volume; total distillate 72 % by volume in 
run under atmospheric pressure, and 78.2 % by volume in run under 70 pounds 
gage pressure. 
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to be condensed as distillate. Such cooling results in a partial conden.sation of 
vapors and the formation of condensate which returns to the oil in distiH^ition. It 
is thought that some hydrocarbon components of the oil in still a will vaporizii 
without decomposition, owing to the {iresence in the still a of the vapors of lighter 
(mori! volatile) hydrocarbons formed by decom])Osition, notwithstanding the fact 
that the temperatiin', of the oil in distillation is below the estimated boiling point 
of th(' latter iindi'r th(‘ jiressure in the still a. 

The ))r('(*edmg table gives figures which were obtained in runs performed at the 
rates in^licated in the table with a small still (a horizontal cylimler 20 inches in 
(liam(‘t(‘r by 42 inches long with a dome four inches in diameter and six inehes high) 
on batches from th(' sam(‘ lot of oil, one under atmospheric pressure and the other 
nndiM- a sniieratmospheric pressure as near 7.1 pounds to the sipiare inch as prac- 
ticabh'. The total hours and minutes of piTforming the re.spective runs, in connec- 
tion with th(‘ total pi'rei'iitagi's received, show average* yields of distillate eepial to 
about s(‘V(‘n and a half p('r c('nt by volume of the original charge ])(‘r hour in one* run 
and about eight p(T cent p(‘r liour in the othc'r; but in industrial operations a lower 
i*at(‘ IS consid('r('d hi'llc'r 

Till' specific gravities in tin* table are those* of the* sevi'ral fractions of dislillati* 
of F) ' each by w(*ight , and the time's in minute's are those in w’hie'h the* frae*tions 
were si'verallv ri'ccive'd 

It IS consielcied best in distilling uneli'r pre'ssiire that the evolve'el vapors should 
not be* heati'd above* the* tcmpi'rat lire's of the* oil in elistillation. /Vs sheiwn, tliere*- 
feere, einly the botteini tliirel eif the* e'xte'rmr .surface* of the still is (\\pe).se*d to the fire* 
gase's; .so that the* walls eif the vapor spae*e*, (*ve*n when this spae*e is emlargeel l)v 
progri'ss e)f the* distillation, will neit, be* e'\po.s(*el to the* fire ga.se*s. The coeding of 
the vipiors is e'tTe*(*te'el l)y the* e'xjiosiire of the still top anel elome to tlie atmo.splie*re 
The* weirk pcrfornie*el liy the vapors m expanelmg as the*y pa.ss the valve r in elistil- 
lation unele'r high pre's.sure, with this valve within a short eli.stane*e from elorne c 
also e'X'i'its a cooling e'tTe'e*t on the vapors m the elome* e^. The cemdemsate as formoel 
elrops (or e*lse* runs dowm the* siek's of the* still) into the oil in elistillation. A par- 
tial e'onelen.ser e*onne’'e*ti'el with tlie still by a vapor pipe anel a run back for 
re’tiirmng coiulensate conlel be* use'el instoael of eu* m addition to cooling m the* 
vapor space* (ine-Iuelmg elorne sjiace* when a elome* is useel). By having the midelle^ 
■se'ction of the* still ine-loseel by anel in eontae*t with the walls of the still setting, the 
vapors are* prote'cte'd nejt only against ove'rhealing, as just nie*ntione'el, but also against 
the uneliie* cooling which might ivsiilt from e'lilargeme'nt of the vapor space* eluring 
the run, were* tlie* midelle* .see*tion expexsi'd to the atmo.sphere. The* distillation is 
e*onliniie*d as long as it is safe to elo so, in view of the superat mosphe*ric jiressure in 
the still. The* limit of safety is about re'ae-heel w'hen the app(*arane*e oi the still 
bottom mdicate's ine*ipient re*dness. The run being terminated, the iisphaltic ma- 
ti'iial in the still u is withdrawn into a re*ce*iver; the still is subseepiently cexiled 
(afte'r introelue'tiem of free steam to expel the vapors, the manhole being opened 
as the steam first ente*rs); the still is cleaned; anel it is then read to receive a 
rie'w' charge of the tre'ateel ihi pressed heavy parathn distillate. 

The high {irexssure distillate from condeaser ceiil h may be collected in a single 
re'ceiver anel then frae‘tionated into naphtha, burning oil (kerosene) and a heavier 
oil useful as gas or fuel oil. This heavier oil, also any residue obtained in re- 
running the burning oil (kerosene) portion of the high pre.ssuro distillate, could be 
added in whole or in jiart to a new charge of the heavy paraffin, distilled if 
desired. Other oils could also be adeled, such as residues (bottoms) from rerun- 
ning the wxater white distillate and the mixed distillate of the crude oil run. In- 
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stead ot a single condenser /i as shown, a series of rondens(*rs inaintaiiKHl at different 
teniperati|res could be applied to the [iressure still a. 

The asphaltic residual material withdrawn from the still a at the close of the 
high pressure run in which the figures of the (able were obtained had as a whole a 
specific gravity of 1.0772, and was as a whole about nim't y-eight per cent soluble 
in carbon bisulphide and about ('ighty-two per cent soluble in naphtha obtained 
from Kansas crude oil and consisting of hydrocarbons with specific gravities ranging 
from 0.7520 to 0.7092. If (h\sir('d, the pre.ssure distillation can be stopfx'd before 
the material in the still attains the specific gravity mentioned. vVl.so, further dis- 
tillation can be (‘arrit'd on iindia- at mo.spheric or reduced [ire.ssure. As obtained 
from the high pre.ssure still the asplialtic material will ordinarily be .soft and sticky 
even at 0° V , on account of maintaining the distillation only while it c;m be carried 
on with safety; but by reduction (partial evaporation) undc'r atmospheric prc's.sure 
at approjiriately high tianperatun* and with introduction of sujierlK'ated steam into 
the melted material, it can be brought to such condition (hat wdien cool a lump 
can be moldial and drawn out into thnaids. Distillate' obtained from a reduction 
like this can be added to heavy paraffin distillate to be distilled under the high 
pre.ssure mentioni'd; it could be u.sihI as gas oil or fiK'l oil. 

The .solution of the' asphaltic mate'iial as obtaineal frean the high pre.ssure still 
in the naphtha mentioneel (in such preipeirtiems as to give' the ele'sire-el fluielity fe:)r 
application) con.stitiite's a varnish or preite'e'tive e'oating The material can be elis- 
solved in this way anel u.se'el afte'r re'eliie't lein anel oxielatiein. While it is consielered 
be'st to charge the pressure still with an oil whie'h ie'j)re'.se'nts an entire' range of hv- 
drocarbons from anel inclueling seane with the inte'rnu'eliate' vi.sceisities mc'ntieaied 
(70-170 seconds Kngle*r) tei anel ine'liieling tlmse recove're'd from heavy paraffin 
slop, meire or le.ss of these hyelroe'arbons can be ceillecteel separately, if .so preferreel, 
and only the re'inainele'r eif the'in e*harge'el inte) the still. 

Oil containing liepiid hydreie'arbeais with vise'eisitie^s normal for me'eliurn and 
heavy lubrie'ating oils anel oil e'eaitaining liyelreK'arbeais with the interrneeliate 
vise'ositie.s mentieaied (70-170 .see'eaids lOnglcr) earn be ehstilleal .separately under pre'.s- 
.sure and the re'sulting piwlue'ts can then be mixeel. In this way burning eiil (kerei- 
.seme) from distilling oil eif the' latte'r kmel uneler pre'ssiire' can be improve'el by the 
be'tter quality of that frean elistilhng eal e,)f the former kinel Larger yielels, heiw- 
ever, both of naphtha anel of burning eal (ke'rosene') have Ix'en eibtaine'el, it isstateel, 
from distilling rnixture^s eif (1) hvelreie'arbeais with vrse-eisities normal to heavy lubri- 
cating oils anel (2) hydreicarbeais with the interme'ehate' vi.sceisities mentieaied, than 
from distilling like volumes of (lie two kiiiels eif liepiid hydre)e*arbons se'paratelv; 
and the same princi]ile wenilel hedel true with re's|)e'e't to mixtures containing hyelro- 
carbon.s with viscosities normal tei meeliuni lubrie'ating eals, Be'tter re'sults are at- 
tainable, it is beheveel, by distilling eal in whie'h twe) eir more eif the three kinels eif 
liepiid hydrejcarbeins mentieau'el are naturally prese'iit than by .se'parating the'se hydro- 
carbons and then feirming a mixture artificially eif them in their original proportions. 

In making heavy paraffin elistillate a e'crtain amount eif decomposition is cein- 
sidered necessary in order to feirni e'ry.stallizablo paraffin wax. It is provoked by 
introducing little or no superheateel steam into the still anel by cejoling the evedved 
vapors sufficiently to form a ceindensate which is returned to the oil in distilla- 
tion. The cracking custemiary in making heavy paraffin distillate is consielered 
advantageous where this distillate is to be subjected to pressure distillatiein, for one 
reason because it removes from the distillate certain coke fe^rming elements; and, 
if preferred, it can be carried further in jireparing distillate for subsequent pressure 
distillation than is customary in preparing heavy paraffin distillate. 
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In the pressure distillation it is considered best, as mentioned above, to use 
about 75 pounds to tiie squan* inch above atmospheric pressure, Abovt^ this pres- 
sure the yields of naphtha and burning oil have not been found to increase (rather 
the reverse); while, of course, the danger increases with the pressure. Below 75 
pounds pressure the yields have been found, it is stated, to fall off gradually with 
the diiriinution of pressure; so that under .30 pounds (he yield of najilitha has been 
about three-fifths and under 20 iiounds less than half of the yield under 75 pounds; 
while the yield of burning oil (kerosemO under 30 pounds has bei'n about four-fifths 
and unck-r 20 iioimds less than three-fourths of the yield under 75 pounds. In order 
that, in a run under 30 iiounds, the temperatures of the oil in distillation may not be 
as high as those at which the vapor ten.sion of the unde(‘ompo.sed oil is estimated to 
equal the still ])n\ssure, these tem])eratur(‘s should not b(‘ so much as about 73° F. 
above the tempiTatures attained at corresponding periods in a jiarallel run under 
atmospheric pressure. In runs under a pre.ssure otluT than 30 jiounds and 75 
piunds, the temperatures of the oil m dustillation .should bc' wuthin a corn-siionding 
maximum aliove tlu! so attaiiUHl temperatun's m order that th(‘v mav b(‘ h'ss than 
trliose at which the vapor ti'nsion of the umU'composed oil is estimated to equal the 
slill ])r('SMire. 'Die vapor (('iisions of benzene ((’Jlr.) are known for a wide range 
of temperatures. Such tension amounts to 30 pounds superatmospluu’ic at about 
73° F. above the boiling points (about 2.50° F.), the boiling point of benzene being 
about 177° F. ((S0° C ). 

'TIkm'i' mav be pc'troleum, it is .said, which do(‘s not yield paraffin waix, but which 
does yield distillab; com[)os(‘d of li(juid hydrocarbons divisible by their resjiectivc 
viscosities into the thna' kinds riuaitioiu'd; and tluae mav wc‘11 be pidroleiirn which 
doi's not yield distillati' having li>drocarbons so divisilile. All crude ixdroleum 
can be distilled to drvness undi'r a suitably low' jin'-ssun', in onku* to obtain distillate 
tf) be decompos(‘d by distillation under high pn\ssure, which distillate may contain 
at least the higher boiling hulrocarbons down to but excluding last runnings that 
W'ould b(' object iouabli' on account of th(' presence of still wax or other luMvy mattiT.s 
of sticky character, but not necessarily (‘xcluding desirable hydrocarbons recover- 
able by the ri’-running of slojis. Working on the continuous system (m which a more 
or le.ss (Mintimious stream of oil is .supjilied to a high pressure still and a like stream 
of n'siduum withdrawn during the progess of the distillation) is permissible; al- 
though it IS considered more advantageous to work by the batch .system. 

C. P. Dubbs ^ arranges a luimber of vertical stills in series (Fig. 62) 
;is A\ vl“, A^, etc. Tlu' residue from distillation under cracking 
conditions (pr(%sur(') in still ^1^ passes into A - and is redistilled at higher 
t(‘inperaturcs than prevailed in A^. This opc'ration is extended to a 
number of stills {A^-A^, Fig. 62). Heat is supidied to the oil by means 
of steam coils within th(' still (se(‘ Fig. 6B). In other words, oil flow.® 
through all the stills in tlu' series, from A^ to A^'. * 

Before n'aching still vH, the fresh oil flows tlirough the reflux con- 
densers R^, etc., in the direction of the arrows drawn in full, heavy 
lines (Fig. 62). (T1 ies(' arrows are numb(‘r('d, in order to facilitate 
following the course of the licpiid oil, wh('reas the cour.se taken by the 
vapors is shown by arrows drawn in liroken lint's.) The oil, therefore, 

^ J. S. C. I. 1917, 921 U. S. Patent 1,231, .509, June 20, 1917. 




DLSTILLATIOxN UNDER PRESSURE 


187 


■'-Rzflux 

Condenser 

w 


is the medium which cools the vapors in the reflux cond(*nsers, which, 
therefore, act as heat interchangers. The oil also passes thro*ugh the 
st(‘am heated preheater P (Fig. 62), on its way to still AK The vapors 
jnoduced are forced to pass back through the s(‘ries of stills and 
through the oil in the stills, in a direction counter to the flow of liciuid 
oil. What evidently takes place is that the oil residues are n'distilled 
at suci;(‘ssively increasing temperatures, whil(‘ the vapors produc('d 
are v(‘ry thoroughly scrub] xmI at sue- 
cc’ssively dc'creasing temperatures. 

Heat economy and thorough’separation 
appear, therefore, to l)e some of the 
main objects in view. The gasoline 
finally obtaiiuul should be free from 
nny hc'avier oils, owing to the scrul)bing 
which the vapors n'ceive. 


Th(' t('inf)or;ilurc js r('[)()r(('(l to vary 
IVoiii a miniiiuim of 200%5()0°|F. (U3°-2(i(PU ) 

(o a iiiaxiiiium of r)0()''-2()(KP P. (200° -lOOU'’ 

(' ), and tlu‘ pressure varies from a rninimnm 
of oO ])omHls per sq. m. to a maximum of 
1 ()()() ])oim(ls i)er sq. in. 'Die material in 
passin}^ through the apparatus forms a jiool 
in (‘aeh still and is subjected in the various 
stills to a progressively increasing tenijieraturo 
while' the vapors and gases given off have not 
only lieen made; to percolate up through the 
liiiuid and caused to mix with the licpiid but 
hav(' also been caused to travel in the reverse 
dire'clion from the lupiid .so as to be subjected 
to progressively dee^reasing temperatures. 

'This arrangement, permits the va])or.s and 
gasc's to be subjected to (aunparatively high 
and low ti'mperat ures without ('\(;essive pressure 



Steam Outlet 


Fig. 03. — Detail of steam-lu'atc'd 
pn'ssuH' still. C. P. Dubbs 


whil(* tlu' vapors in thc'ir final 
form, as they pass to the condenser, have been scrubbed through the liquid and 
their temperature greatly reducc'd so that as they pa.ss from the still A' to the 
condenser, they arc at a relatively low teinperatun* to that to which they have 
Ix'en subji'cted in the still A^. This treatment tends to prevent any heavy vapors 
from iiassing to the condenser since the steiidown in temperature, ns the vapors 
and gases pass through the'varioiis stills toward the condenser, tends to condense 
anv heavy vapors and cause them to be carried back with the residuum and again 
subjected to the higher temperature. Also the vapors and giuses being reduced 
in temperature by percolating through the liquid in the succe.ssive stills having 
lower temperatures, the heat units which are extracted in cooling the vapors and 
gases are t ransmitted to the liquid which is traveling in the reverse direction and 
IS increasing in temperature. 
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Roy Cross ^ heats a body of oil to a tempc'ralui’c under very 
hij^h pressun; to effect cra(‘kin^. Tlie vaporous products are allowed 
to expand into contact with a niass of untreat(‘d oil. This is said to 
be an improv('d method of sej^aratinj*; the lieavier from the lighter 
jH'oducts of (he cracking operation, and at the same time aids in pre- 
heating tin* untreat(‘d oil. 

In a nurnbor of (hii molhods ndvocaU'd for the transformation of heavy 
hydrocarbons into liglit hydrocarbons with siinultaneous distillation, on account 
of (he hiffh tein])erature re(|Uired, then' is an undesirable (juantity of iu'avy hydro- 
carbons carni'd over in the vapor form and these must be se[);i, rated from tlu' lijiiht 
hydrocarbons by a subseipK'nt treat miaxt. When, in ordi'r to ])revent their distil- 
lation, the vapors of the heavy hydrocarbons are passed into a condenser cooled 
sufTiciently to allow only the li^ht hvdrocarbons to jiass through, there is an ab- 
straction of a large amount of h(*at which n'tards very much the rat(‘ of transforma- 



Fig. (it — 'hype of pressuri' still proposed by Koy Cross. 


tion of the heavy hydrocarbons as well as verv gn'atfv incn'asivs thi' total amount 
of heat repuinal for the treatnuait, Jly the method desciibed, lh(‘ hea-vv hydrocar- 
bon vapors do not pass from th(‘ container since th('v are n'adily condi'iised and ab- 
sorbed by the cooh'r incoming hydrocarbons not \(*t undi'r treat mi'iit and the 
incoming hydrocarbons are sullicKaitlv heated to lessen the time of treatmi'iit, re- 
(piin'd to later transform tluan into light hydrocarbons. 

Heavy petroleum oil is introduced from a sujiplv line 1, Fig (3t, into the con- 
tainer B through a pipe (' by means of a jnimp I) until tlu' containms B and PJ are 
half full, the valves F and (1 in th(‘ coim<‘cting pipi's // and K biang ojicn. TIk'h 
the pump I) is stopped, (he valves L, P\ (i, M, .V and 0 an* elosc'd and heat is ap 
plied to the pipes P carrying the oil to and from contaim'r 1C which acts as a vapor 
contaiiKT and exit and not as a container for a Imllv of supjily oil. The oil is made 
to circulate by means of the {)ump Q through [iipi' U into iiijies P in tlu' furnace 
and back into contaiiUT 1C through inlet pipe .S’ Then a iinvssurc of hOO pounds 
[)er square inch is allowed to develoj) as shown bv gage T and a tenifXTature ol 
between 300° Ck and t50° (k (572°-Sl2° F.). The actual operation as to pressure 
and temperature will vary, ilepending upon the character of the heavy hydrocarbons 
under treatment and uiion the end boiling point of (he product di'sin'd. Valve F 
is now opened slowly allowing the pressure to gradually develop in container B, 
being fully open when the pressure in B is equal to the pressure in E. Valve Jj is 
now opened but not sufficiently to allow any considerable change in pri'ssure or 
temperature in container IC. When the tenqierature of the oil m B tends to exceed 


1 U. S. Patent 1,255,138, Feb. 5, 1918. 
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the end boiling point of tlie light li\ droearbons desire<l, pump Q is started, and cold 
oil IS introduced through pipe U with valve \ ojxai until the tempcratuie Is ri'duced 
to the i^ropor point. \'alv(' M in pi|)e U may be o{)ened, valve )' closed and 
pump (} opi'iated to remove sludge as freipiently as required by the accumulation 
of .scmi-solid matter With proper regulation the treatment goes on continuously 
without ojK'ration of valves, the body of heavy oil m R being kept at such a tem- 
peraturi' that light hydnxMrbons of a dc'sinal volatility go forward to the condenser 
while heavK'r hydrocarbons are taken uj> in the heavy oil and returned to the heating 
zone. 'Hii'n' is a continuous has I of heavy oils to .and through the system with with- 
drawal of light vapors 'rhii vapors pa.ss only in one direction from container E to 
ainl through B and the liquids pass only in tlu' on(‘ direction through B toward and 
into E. Die heat of the va[);)rs of heavy oils produced in R is taken up by the 
oil III B. 

The vapors of the light hydrocarbons pass through the pi[)e A" into a condemser 
which IS coniuahed to a gasoline r(*.s(TVoir To avoid blowing out oil sludgi^ through 
tl/(' ]mmp (J \ailve 0 m jape 0' mav be opened to cl(*ar th(‘ carbon from container FJ 
while v.dves E and (i arc clostal 

Prevost Hubbard ^ doscrihos ;i proci'.ss which may Ix' tippliod to 
liU‘1 oil, that is rodiictHl cfudi' oil, which consists in subjecting the oil 
to high t('mpef!itui'(^ and pf('ssuf(‘ lar a ndativoly short pc'riod of time 
in ti vessel in which the oil e\ists, during (h(‘ operation, both in the 
liipiid ;ind in the vtipor state', for exaniph' fifteen minutes. At the end 
of the digesting process the lietuid oil may b(‘ drawn ofT, cooled and dis- 
tilli'd to recover light naphtha while th(' vajxirs formed during the 
operatiein are cooled to condense', light hyelreie'arbems. One of the 
aelvant age's eif this me'the)d, aea'eireling tei Hubba.rel, is that the oil residue 
alter the remeival eit light hyelroe'arbems the*re'fre)m yieleis an eal which 
is as suitable for fuel as the' eiriginal charge. 

In Curran’s preice'ss,- ;i batte'ry eif stills with a common fex'd pipe 
eliscdiarge; through individual valve'd pipe's intej a e'eimmem elrum in 
whicli light anel he'avy eiistillate's are' se'parateel. Uemnected with the 
drum is a ce^ndense'r tor light hydrocarbem vapors. The heavy dis- 
fillate passes by gravity from the elrum to a se'parate still which is 
ceinne'edeal to the sanies conde'use'r. Sfe'am is [lasseel intei all the stills. 

J. W. Court cracks eiil in a still uneler nieire' than 50 pounels pre'S- 
sure, the vapens :ire conde'iise'el uneler a similar pressure, anel the higli 
boiling fractions are returned to the still where re'lative'ly cofil steam is 
intrexluced anel the mixture' is maintaine'el uneler a pivssure of one 
atmosi)here in a main cemele'nser. 

In the fractieinal eir ele'st rue'tive elistillation of hydrocarbon oils, 
the pre'ssure' in the stdl is laiseel anel lowe're'el alte'rnate'ly according to 

^ United States Patent 1,.T26,0.’)(>, Df'c. 23, 1010. 

2 J. S. C I. lOlS, 200 V; V. S. Patent, l,2r)r),7U, Feb. 5, lOIS. 

’ Uhem. Abs. lOlS, 213S; Canadian Patent 181,270, May 1 1, 1018. 
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a method of C. Turnerd Th(‘ still is closed to raise the pressure and is 
opened to lower tlui pressure rapidly solely by expansion of llu' vapors. 
The operation is ejected without intermittent cooling, except such as 
may occur during the lowering of the pressure. Pressure steam is 
blown into the oil until the pressure reaches five pounds per square 
inch. The vapor outlet is then opened until the pressure falls to two 
{)ounds, whereupon the vapor outlet is closed and steam is again ad- 
mitted. The operation is continued until the steam, which is of twenty 
pounds pressure, no longer effects distillation; after this stage, super- 
heated steam is used. 


The Palmer Process 

Palmer^ increases the yield of volatile hydrocarbons from pelroleum 
residues, by digesting them under pn'ssure of th(‘ evolved vapor ((iO- 
400 [)ounds per sq. in.) at a temperature above 200° (\ (392° F.) but 
below that at which carbonization takes plac(‘, and without tiu' ad- 
dition of steam, the heating being continued until the greater portion 
of the residue is converted into more volatile compounds, which are 
separated when the*, pressure is relieved.'^ 

The process consists, further, 

(1) In th(‘ complete sep;inition of the so-called “ crackiiifz: ” from the distillui^'’, 
the former being carried out at high pressure, usually m exci'ss of four iitmos])li('res, 
while the latter is con(lu<‘ted at, or below atmospheric jiu'ssure. 

(2) In conducting the “cracking” in heavily constructed digestca's cai)able 
of withstanding enormous pressures, while supplying sufficu'ut heat to Injuefv, 
to volatilize, to create pressure, to furnish latent lieat of volatilization, and to fur- 
nish the rcqumle endothermic heat of formation. 

(2) In utilizing the pre.ssure to control the reaction, the greater tlie pn'ssure 
the greater will be the decomposition, recomposition and polymeiization. The 
pressure is controlled in each ca,se by the equilibrium established and varies accord- 
ing to the materials treated, the re.sulting products, and the factors of heat and time 
of action but ordinarily pressure reaching 130 pounds is sufficient to effect, the 
necessary conversion. 

(4) The time of action. This usually, aside from the lime required for the pre- 
liminary melting and heating in the reservoir, occupies but a very few minul(*s. 

In carrying out the process the residues, substantially nori-volatile below 300° C.; 
(.572° F.) such as “ Florence,” “ Boulder,” “ Wyoming,” “ California ” and “ Loui- 
siana ” pitches or n'sidues, are first introduced into a steam jacketed reservoir 

» J. S. C. I. 101.5, 1001; Chem. Abs. 1910, 0.50; U. S. Patent 1,151,422, Aug. 
24, 1015; BritLsh Patent 120, .584, Nov. 23, 1017. 

2 Lomax, Dunstan and Thole, J. Inst. Petrol. Tech. 1010 (3), .30-120; U. 8. 
Patent 1,187,380, .June 13, 1910. 

It is important to note that this process is said to be applicable to heavy 
residues and is not limited to “gasoils” its raw material. It is essi'ntially a 
decomposing and not a distilling process. Moreover the time of treatment as given 
is exceptionally short. 
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in vvhi(!h they are melted, and are then introdueed into a high pressure digester. In 
Fig. 66, A is a tank or reservoir provided with a cover, steam-jacket, drainage pipe, 
and steam inlet pipe. \i\ outlet pipe, provided with a valve, is connected with a 
digester B. Tlu^ digester, which is constructed of half-inch steel, is provided with 
cap, a manhole, and jiipc extensions. A jacket with steam coils completely sur- 
rounds the digester. The pipe-extensions (' and D project through the jacket 
and ar(‘ [irovidcd with a check valve and a stop-cock respectively. These extensions 
are coiiiu'cted to a still. 

The/esidues treated consisted, in so far as could be determined from the specific 
gravity and melting points, of mixtures of hydrocarbons of the paraffin .senes 
Lnll2n+2 of tlic ruiigo U20H42 to Tlic-sc resklucs are empirically known as 



residues or pitches from, for example, “ Florence,” ” Wyoming,” “ California,” 
and ” Louisiana ” pitches, which were the ones actually tested and operated on by 
this proce.-,.^. 

During the treatment in the digester, R, which usually did not exceed a few 
itiinutes, the ])ressure.s gradually inc*reiused with th(‘ temperature, according to 
the curve shown in Fig. 65 , until a jiressure of 130 pounds wits reached, when 
there was apparently a sudden conversion of the materials present into more 
volatile compounds which, it was observed, cau.sed a rapid increase in the pres- 
svri’s ivithout the indication of any great increase in temperature. Since the heat 
was being uniformly applied, it is apparent that at this pressure there was 
a large absorption of heat, • which prevented any noticeable indication of an 
increase in temperature. This absorption of heat was evidently due to the 
formation of new compounds which, as the results show, are to a certain extent, 
at least, cyclic in character. In order that the pressure may be accurately 
controlled during the operation, the check valve E may be adjusted for any 
degree of pressure desired. Upon an increase of the pressure above that to 
which the valve is set, Ihe vajiors from the digester will pass over into the still F. 
Steam coils are utilized because of the accuracy with which the temperature (.‘an be 
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adjuated, particularly, if superheated steam is employed. The volatile products 
obtained from the above treatment were drawn otf throujz;h the pip(‘ (1 and, col- 
lected in a still and subjected to distillation separately from the undecomposed resi- 
dues remaining in the thgester, at atmospheric jiressure and upon fractional distil- 
lation, gave results lus follows: Up to 10(F ('. (212^' F.) about 5 per cent distillate; 
between 100'' C. (212'' F.) and 150° (I (302° F.) about 10 per cent to 20 per cent 
distillate; between 150° C. and 200° C. (302°-3y2° F.) about 10 per cent to 20 per 
cent distillate; between 200° U. and 250° C. (392°-482° F.) about 20 per c('nt to 
30 per cent distillate; between 250° C. and 300° C. (182°-572° F.) about 10 per cent 
distillate. 

While the first fraction doubtless containctl some volatile paraffin (LH 2 M+ 2 , 
the higher distillates were mixtures of some paraffins, some aromatic bodies, and, 
it is said, consitlerable naphthenes or “ cyclic ” or “ closcxl ring ” paratiins, such 
for example as poly methylenes, U 6 H 12 , and their homologues. 1’he materials which 
had been previously non-volatile below 300° C. (572° F ) after treatment umformlv 
yielded from 05 per cent to 75 per cent of volatile rnath'r at temperatures varying 
from 100° U. to 300° C. (212°-572° F.). Moreover, when t he n'sidues of on(‘ tri'at- 
ment were mixed with the residues of another batch, and were again treated thcie 
was no accumulation of non-volatilo residue. In fact a non-volatile residue r(‘- 
maining from the last fraction of one treatment even if sul.iseijuently treati'd aloru*, 
would often bo decorniio.sed in a manner similar to that of untn'ated n'sidues when 
heated alone since ea<‘h treatment would liave its (juota of undi'composc'd residue 
according to the equilibrium established. Accordingly, each residue when rc'- 
treated would decompose exactly as though it had not beim previously tn^ated, as 
decomposition takes place at the appropriate equilibrium and long before all the 
residue is transformed. 

In Fig. G5 the curve shown illustrates the process when operating 
u[) to 800° C. (752° F.) and the pressures ranging fi’oni 30 pounds up 
to 100 pounds, and experiments show, ticcording to Ihilmer, that when 
operating even up to 400 pounds, the decomposition, n'composition and 
polymerization, other things being e(]ual,ar(* direct1\'d('p('ndent ut)on the 
increase of pressure, and that the radical transfoi'ination into many new 
compounds having new molecular arrangements, does not begin mu(*h 
below live or six at inos[)hcres indeiiendent of th(‘ temfierature. On 
the other hand, the experiments indicate, it is stated, that at pressures 
ranging from 20 to 30 atmospheres the formation of new comiionnds 
takes place with great rapidity. In all cases the volatile pi’oducts of 
decomposition increase with more pressure at temperatures from 
200° to 300° 0. This indicates it is not nu'rely th(‘ high tiaiiperature, 
but rather moderate temperature and high pnvssure that govern the 
decomposition and determine the result. 

As an example: When operating with heavy, waxy, tarry or pitchy materials, 
such as “Florence,” “Boulder,” “Wyoming,” “California” and “ lAuiisiana ” 
pitches, at temperatures ranging from 200° to 325° (t (392°-r)17° F.) and under 
pressures of from GO to 90 pounds, but a relatively small percentage approximating 
from 25 per cent to 35 per cent of volatile products were obtained. With tem- 
peratures from 200° up to 325° C. (392°-G17° F.) and pn-ssures ranging from 100 
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to loO pounds to the s(}iuire inch, a large percentage of the originally non-volatile 
inatenal Ireated was transformed into volatile compounds, llu' percental' ranging 
from uO per ciait to 75 per cent of the original. At pressures ranging from 150 
pounds u]) to 300 and -lOO pounds per sijuare inch, and at temperatures of from 
200° to 325° (\ (392-()17° F ) from 75 per cent to 90 per cent of the materials were 
conv(‘rted into volatile products. These products were in all ciuses subjected to 
distillation, at or below atmospheric pmssure, separately from the digesting 
operation. 



Fig. 0(>. — PaliruT proce.ss. 


d1ie effect of lugli pri'ssurc during cracking in producing “ satu- 
rati'd ’’ low boiling hydrocarbons appears to be widl demonstrated by 
^nelling. llis method consists in dig(‘sting heavy, high-boiling hydro- 
carbons under high pn'ssurc, until certain ecjuilibria are apparently 
r('ach(‘dd 

If we write the (’qiiations 

(1) (\0H42 = CjsHso + CsTIio -f H2 

(2) CsHio + H. = C5 Hi2 

( 3 ) C15H30 + H. = ri 5 Tl 32 

^ In endeavoring to exjilain complicated reactions, there is little difficulty in 
fin'senting equations on paper which seemingly elucidate the phenomena in ques- 
tion but which may corre.spond in nowise to the actual changes. A very fr(*e u.se 
of the imagination has been made by some writers in this field. The authors offer 
the above mercdy as an illustration or suggestion of the po.ssible character of one of 
the reactions that may occur in cracking at high temperatures and pre.ssurcs. 
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and if ive assume that the temperatures employed are such that re- 
action (3) goes only to a slight extent, and also that a revcu'sal of re- 
action (1) is not favored and that conditions arc favorable for reaction, 
(2) then it follows that by allowing the system to come to equilibrium 
at that temperature under which the above assumed conditions obtain, 
the final result would be the sum of reactions (1) and (2) namely, the 
formation of pentadecene and pentane from d('cad(‘cane. 

Polymerization also may be a factor in producing saturated bodies. 
For example, two molecules of butyk'iie could combine to produce a 
cyclic compound. 

CHa - CH - Cn - ( TTa 
2(f'H3 - ClI = CH - CHa) = I 1 

('H, - CH - CH - (^3 

Or, dissimilar unsaturated hydrocarbons ma}^ combine, for example, 
ethylene and amylene. 

CH, - rn - (TI - CII. - OH 3 

C3n4 + C’eHio = I I 

CIH- CH 2 

The processes of Palmer and Snelling are apparently based on 
attempts to cause some of the reactions to come to equilibrium at high 
temperatures, Bergius and Billwiller^ employ a similar method, hy- 
drogen being added to the system initially. The gasoline produced 
by these methods seems to possess a particularly high percentage of 
saturated hydrocarbons. 

W. 0, Snelling 2 converts low grad(‘ crude oils, asphaltic oils, par- 
affin wax, “rod wax,’’ kerosene, lubricating oils, fuel oils, tarry still 
residues, etc., into a product n'sendding high grad(' Oklahoma crude 
oil by heating in a clos('d vessel to such a temperature that the 
vapors evolved produce a pressure of bOO-SOO {bounds per square 
inch. The volume of oil is from on(‘-fifth to one-half of the cubic 
capacity of the container. The presence of catalysts (d(‘flocculatcd 
graphite, colloidal carbon, colloidal nickel, etc.) may facilitate the 
operation, but it is said not to be essential. The average amount of 
gasoline (flistilling up to 150° (^.) found in the “artificial crudes” 
produced in this way is 10 to 20 per cent, with 20 to 40 per cent burning 
oil. These yields may be increased, it is said, by distilling off the lighter 
oils and treating the residue again, and the process imiy be worked 
continuously by providing means for removing the vapors produced. 

* See chapter on the use of reducing giuses. 

2 J. S. C. I. 191.5, 104.5, 207; Chem. Abs. 1916, 388; British Patent 18,419, 
Aug. 7, 1914; Int. Conv. Nov. 11, 1913. 
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It is said that during the digesting operation “ excess ’’ carbon is formed 
and deposited as mud. CJas is also formed which does not condense 
after the reaction vessel is allowed to cool. 

The following (example of the method used (on a laboratory scal(') 
is given. ^ 

Throe luindrod cubic con (line lei's of a solid wlnlo puniflin, melting point 50°, 
sptcific soivity 0.025, was used, 'fills wjis sealed in a ves.sol of 1100 cubic conti- 
m(‘l(‘rs T-apacil.y and heated until a |)ressure of 800 pounds was indicated, then 
cooled 'fhe pr(\ssiiro of the residual g:as was 150 iiounds. The product was a 
heavy liquid resembling Penn.sylvania crude oil, dark green by reflected light, dark 
red-brown by Iransnutted light. Its volume was oO.') cubic centimeters, specific 
gravity 0.770 and (he gasolim* yiekl on distilling to 150° was 48 cubic centimeters 
or If) ])er cent. liy removing the gasoline and ri'peating the process he has ob- 
tained from parafhn 70 [)er cent of watiT white* ga.soline, the remaining 30 per cent 
^epres<‘nting the g;is formed, and .some fn'e carbon.* 

The Irolinc Company’’ emiiloying Snelhng’s nu'tliod, obtain low-boiling hydro- 
carbons suitalile as fuel for intern.al combustion engines by h(‘ating lie^uid or fusible 
hydrocarbons of higher boiling ])oint, in .a clo.sed ve.ssel to a temperature .sufficient to 
d(*v(*lo|) a pre.ssure of 200-500 lbs per sej m , the volume of oil being from 0.125 to 
0 5 that of (he ves.sel 'fhe luiuid is withdrawn under sufficient pre,ssur(‘ to retain 
the* low-boilmg hydrocarbons in solution at a lower temperature and these are 
recoyered by distillation 

Trotter® deeompos(*s ki'rosene by distillation und<‘r pressure. Previous to this 
treatment the ki'rosi'iK* is subj(‘ct(‘d to the action of superheated naphtha vapors. 
Wlieii, as a result of pn'.ssun* di.stillation, the gravity of the residue falls below’ 
.58° He siiiierheaU'd gasoliiK* vapors and st(*am an* injeet(‘d into the residue to main- 
tain th(* re([ui.site relations between temp(*rature and pr(‘.s.sure. 

Aliparently the idea is to maintain pr(*.ssure during the cracking pr()c(*ss at a 
high practical value while still keeping the temperature of the residue relatively 
low 'fhe low-boihng ])ro(hicts from the initial cr.acking treiifment are .sucee,ssively 
ri*(h.stilled at increasing tem])eratiii(*s and decre.asmg pr<‘ssure.s. It is claimed that 
k(*rosene can be largely eonv(‘rt(‘d into light naphtha bv Trotter's method. 

\ r(*c(*nt suggestion bv L. McOmber® r(*latmg to distillation and condensation 
under pre.ssure is t f interest McOmb(*r (*mploys a tube still with th(* customary 
run back, radiator, water cond(*n.s(>r and receiving tank. In addition to these, a 
Vump IS int('rpo.s(*d between the radiator an<l water conden.ser by which means 
pre.ssure m the cond(*nsi*r can lie regulated independently of the pre.ssure in the still; 
for example distillation may be conducted under 75 pounds pre.ssure while conden- 
sation mav be efTected und(*r as much as 2(K) pounds ])res.sure or more, 'fhis pro- 
cedun* is claimed to re.sult in a large vield of light naphtha. 

^ Bull. Am In.st, Mining Paig 1915, 095 704. 

* See also Snelling, French Patent. 180,899, Oct I, 1910. 

3 See Marks, British Patent 3327, Mar. 2, 1915; .1. S. (\ T. 1910, 828. 

< See also British Pat(*nt 18,419 (1914) and ,1. S. C. I. 191.5, 1045. 

® U. S. Patent 1.339,727, May 11, 1920. 

« U. S. Patent 1,345,452, July 0, 1920. 
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DISTILLATION UNDER - Continued 

Development and Use of Tube Stills and Devices to Obtain 
Smooth Operating Conditions 

The development of tube stills for decomposing or cracking oil 
recalls the evolution of tlu^ water tube steam boiler. Th(‘ conditions 
which make a water tube boiler more serviceable than shell boiler also 
render tube oil stills* supc'rior in some respects to th(‘ old('r shell stills; 
and once the pressure distillation of gas oil to produce gas naphtha 
attained commercial proportions, refiners soon saw th(‘ advantage of 
using tube stills for this purpose. 

E. M. Clark 2 uses a combination of still and cracking tubes which 
is shown in Fig. 67, A is an upright sh(‘ll having a roundiMl bottom, 
from above which leads a pipe containing a forci' pum}) B of any suit- 
able construction. This pipe leads from the discharge side of the pump 
to one end of a coil C in a furnace. The opposite end of the coil com- 
municates with the shell A at its upper end, from which leads a dis- 
charge pipe to the upper end of a water cooled condenser coil D, the 
discharge end of which, contnining a valve, leads to a receiving drum 
for the distillate, A tail gas pip(‘ rises from the lowermost branch of 
the coil through the con<lens(‘r tank, above which th(' pipe' contains a 
valve E. 

The apparatus shown is particularly designed for the manufacture of gasoline 
by distilling under pressure the residue* of petroleum distillation, such as fu(*l oil 
The lieiuid material to be distilled is charged into the reservoir, which may contain 
several thousand gallons. With the pump in action and the furnace going, the con- 
tents of the shell are circulated, pa.ssing through the pump, which forces the lujuid 
through the coil C from which it returns in heated condition to the reservoir A. 
By continuing this circulation, the heated liquid returning from the coil to the res- 
ervoir heats the contents of the latter and the resultant vapors pass into the con- 
denser. 'riie vapors build up a pressure on the contents of the reservoir of from 
about 3 to 7 atmospheres and raise their temperature to about 050° F. (342° (\) 
and {US the run proceeds, to about 850° F. (455° C\). Gases {iccumiiliiting in the 
condenser are allowed to escape from time to lime, on opening the valve E, thus 
relieving the gas-pressure, which is liable to aecumubite in the coil and obstruct 
the action of the apparatus. From time to time the valve F is opened for discharg- 


^ For pressure distillations. 


» U. S. Patent 1,119,496, December 1, 1914 
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iDjr (li(‘ (listilhito into the drum. This distilhite is enide gasoline and may bo sub- 
]('ctod 1o further treatment. Carbon is formed in the liquid passing thj-ough (he 
coll (> but the liquid is circulated so rapidly that accumulation of carbon in (he 
coil is said to be prevented.^ 

In tube stills or tube eraekiiig processes the formation and depo- 
sition of carbon has been a bele noire and recent developments have 
shown that with high velocity of travel of the oil or vapors through the 
tubes, •a scouring action is established whicli more or less effectively 
maintains the tubes unobstructed by carbon. 

W. Anderson and J. Meikle ^ distill heavy oil (creosote' oil, blast- 
furnace oil) under pressure in a specially constructed still consisting of 



Fig. (37. — The (dark tube .still. 


two superpos(‘d drums separated by a combustion chamber, the lowt'r 
drum, or both drums, being travc'rsed by fire IuIh'S. The two drums 
are coniu'cti'd by a downcomer and return tubes, the oils being fed 
into till' up[)er drum by a pipe^ coaxial with the downcomer. The 
distillate is mi.xed with steam, and the mixi'd vapors passed through 
•a supi'rheater and tlu'n through a condenser. 

S. H. Edwards ^ prefers to carry on cracking, to a fractional extent 
only, rather than to jiush the process as far as it will go. By emidoy- 
mg the apparatus shown in Figs. 68, 69 and 70, it is .stated that practi- 
cally continuous cracking takes place. ^ 

Within oortain limits, it may be noted, the lower boiling point fractions of (he 
oils usually treated by pressure distilla(ion arc more easily cracked, thcrmolyzetl 
or convc'rted into low boiling point hydrocarbons a( the pressures and temperatures 

' See also K. M. Clark, Them. Abs. 1916, 1920; Rnti.sh Patent 1421, Jan. 28, 
1915. 

- J. S. C. I. 1917, 1001; British Patent 108,508, Aug. 4, 1916. 

3 U. 8. Patent 1,170,884, Feb. 8, 1916. 
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usually employed than the liighor boiling point fractions of the oil to be treated. It 
is asserted that by carrying on the process to a fractional extent by extending the 
operation only to the degree of having cracked principally those lower boiling point 
constituents of the oil being treated which are most easily converted, tlie proce.ss is 
economical and efficient, leaving as a residue a product suitable for use as a gas or 
fuel oil without further processing. 

The still consists of a nest of healing tubes vF (Fig. 68). 'bh(‘ still also includes 

an upper drum A, which is partitioned liy transverse diaphragms c (Fig. 70), so 
as to present compartments uhich are connected in circuit with groups o^ tubes. 
A lower drum R (Fig. 68) is aFo provided and partitioned by dia])hragms like the 
uiiper drum, the compartments of the lower drum being connected with the lower 
or rear ends of the groups of tubes. The still thus con.sists of a number of sections, 
made up of a group of tubes and th(‘ connected drum compartments. The still is 
thus divided into a number of .small circulating units, bringing tlie oil into rajiid 
and repeated contact with the heating surface of the tubes, and allowing the vajior 



formed in each circulating unit to beconu' di.sengaged from th(‘ liquid in the upper 
drum. The sections are connected in such manner that while the oil being tieated 
is circulating continuoasly through the tubes of the various .sections and giving iqi 
its vaporized portions in the upper drum, a jirogressive circulation of the oil as resi- 
due, less the vaporized portion, takes place from one section to another, successively. 
The partitions of the up])er and lower drums are similarly placed, and corresponding 
upper and lower compartments are connected with the ends of the same sets of tubes. 
The communication between sections is through the diaiihragms in the drums. 
(See Fig. 70.) The upper drum is disposed transversely, [lartly inside and partly 
outside the rear and upper portion of the .s(>tting. 1’he lower drum is placed tran.s- 
versely withhi the lower rear jiortion of the setting. Idle tubes are connected in 
tiers with sectional headers C and I) (Fig. 68), the iqiper ends of which are connected 
by tubes E and F with the upper drum. 'Phe lower drum is connected with the lower 
ends of the headers by short tubes (it. In addition, in order to insure an adequate 
supply of oil to the heating tubes .F, the lower, or rear, ends are connected with the 
upper drum by downcomers //. The latter open into the rear side of the lower 
drum, and arc two in number for each pair of upper and lower dnim compartments, 
and of the same size as the tubes F The connections between the dmm c.omtiart- 
ments are formed by openings a and h (Fig. 69) through the diaphragms near but 



DLS 1 1 LLA 1 1( )N UIsDl'jR PRI'jSSI HIO — (Umtinucd 


199 


somewhat above the bottoms, m order to j^iiard against Ihoir becoming choked by 
deposits. These openings are comparatively restrictc'd m order that part*of the oil 
in each section may be caused to circulate repeatedly in it before passing to the next 
section, or, in other words, to render the j^rogress from 
section to section comparatively slow. Howcvct, the 
action may be varied by making the area of communi- 
cation for the oil betweiai coin])artments larger or 
small(‘r. The openings also jjcrform th(‘ function of 
e(|ualiziyg the Ic'vi'l of tlie iKpiid in tlu' several sections ^ 
to guard against any of the .sections going dry. 

The diaphragms of the lower drum u.siially extend all 
tluMvay to the tojj of it, being clo.sed with the exception 
of the openings b (Fig. 69). The diaphragms of the 
upper drum, on the contrary, ti'rminate .some distance 
below' the top of this drum, .so as to leave a common vajior 
space ill the upper jiarl. From the top of this sjiace 
ttiere leads a vapor line J, wdiich may caiT\ a .sab'ty 
valve. Th(‘ supply line K (lag. tiS), for raw oil or dis- 
tillate to be redistilled, (‘liters the lower drum, at the 
compartiiK'nt at one end of it. This compartment, the 
drum compartment above and the coniu’ct-d group of 
lieating tubes const it ut(‘ th(‘ first .s(‘ction As shown in 
Fig. 70, the first section may be wider than the last .s(‘e- 'b 

tion, including more of the heating tubi's The residue* ( 39 . 

drscliarge line (not shown) leads fnan the* upix'i* drum 

compartment of tin* last sc'cthui. Its inlet end i.s inside the drum, a short distance 
above the bottom, and may e.xtend upward and thence bend latendly, pa.ssing 

through the wall of the drum at such 
A height, that, the li(|uid levc*! determiiu'd 
Jt’ height of overflow i.s below' the* 

I tops of the diaphragms in order that 

T’ J "T commiinic.ation for the oil betvveen 

r^ n n~n ir-ir -1 irnr-ir- e coiiipart meiits is confined to thee^pen- 

I I mgs u, Fig ()9 A pump in the .supply 

iLl.l ! II I i I . II II II II II II l4i~n" ~'F line (h'livers the oil to the still. 

\ X V X X V V vapor line conducts the vapors 

• 6(0(66(6(0(6(6(666 

den.s(*r.s (.U, Fig. (3S), which compri.se 
V V V V horizontal drums having air 

6(06p666666666f6( pas.sing through them. Air is 

Jl I I I 1 1 i L I I I j I J n I I I I n lil [ J I suiiplu^d to the.se tubes by an air line 
/* \ having a blower so that^the cooling 

1. J ■ ' 1/ ^ff<‘et is definitely controllable. The 

^ ” ■ " ' vapor line enters the side of the first 

Fig. 70. conden.ser drum, the interior of which 

around the cooling tubes is filled with 
the vapors wdien the still is in operation. The highest boiling point fractions con- 
d('nse here and .settle in the bottom of the drum, which thus (!onst itut.es its own 
collector. From the opposite side of the first drum the vapors still uncondensed 


Fig. 70. 


pass to the second drum by a short tube and .so on through the drums in series, frac- 
tions of successively lower boiling point being condensed in the several drums. 
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From tho bust drum the remaining vapors pass to a water eondenser (A', Fig. 08) 
from whifth enide gasoline may be drawn off from time to time. Jf the ojieration 
being conducted is the thermolyzing of high boiling point fractions having boil- 
ing points of upward of 40(f F. (204^ (J.) (gas oil, etc.) for the purpose of jirodueing 
gasoline, tho aerial condensers stiould be so proportioned as to return all of the oil 
fractions coming over with the vapors having higher boiling points than the desired 
naphtha-contaming distillate, which, alone, is condensed in the water coniienscr 
Each of the aerial cond(*nsers has an individual outlet from its bottom, and all 
these outlets may enter a common return line which joins the sujiply line and thus 
reaches the lower drum of the still, entering the first compartuKuit. 

The overflow line (/^, Fig. fiS), through which the residue escajies from the still 
may lead to storagi*, or may lead into or constitute the supply line of a second still. 
'W hile it is possible to build oiu‘ still with sufficient circulating units to carry on the 
])rocess to any desired degree of concentration of the residue, it is not advisable for 

f^nrrary Condenser, 



practical reasons to carry the still beyond a certain size, preferably not more than 
twenty tubes wide, because of mechanical limitations which may be encountered 
If it is desired to carry the process beyond the degree of concentration attainable 
in one still the liipiid residue in the last compartment of the upjier transverse drum 
of the first still may be led to the first section of the lower drum of a second still, 
and the process carried on from that ]>oinl m a way entirely similar to that in the first 
still except that, due to the heavier concentration and the higher average boiling 
points of the material comiiosing that residue, higher temperatures will naturally 
prevail. The process may be carried in a third and even a fourth still, to a point 
where the degree of concentration is loo great to admit of further ])ractical continu- 
ous processing of the residue. A vent opening q is formed in the top of the over- 
flow line, at a point within the drum. The function of this vent, is to prevent the 
possibility of a siphoning action being set up, thereby creating a tendency to lower 
the level of the oil below the point fixed by the position of the overflow or discharge 
line P. 

Rowsey^ combines a horizontal cylindrical drum {B, Fig. 71) with 
two similar lower drums A, The lower stills A arc in the same hori- 
zontal plane and are connected to the upper drum or manifold B by 
means of “ risers ” D. The api)aratus also includi'S a primary reflux 
» J. S. C. I. 1917, 999; U. S. Patent l,2;i5,3vSl, July 31, 1917. 
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condenser ns well ns n finnl or secondnry condenst'i’. The long vnpor 
outlet pipe nlso constitutes n pnrt of the crncking equipment since it is 
iiinintnined at or above cracking temperatures. 

The vapors of distillation pass from the top manifold of the still 
into the distillate conducting pipe C, following the course of this pipe 
first in a downwardly direction and then in an upwardly inclined direc- 
tion to the primary condenser coil. In the primary condenser the 
unconverted and partially convert('d vapors that will condense into 
hydi-ocarbons of high boiling points arc condensed and returned by 
reverse flow from the primary condenser into the distillate conducting 
pipe C maintained at or above oil cracking temperatures and, as a con- 
S(Hiuence, the condensed vapors delivered back are revaporized and 
crack('d to be ix'turned to the primary condensi'r in the form of hydro- 
carbons of lower boiling f)oints, which will pass to the secondary con- 
(U'liser and thereaft(*r be collected in the S(‘parator. 

The permanent gasc's, or incoiahmsable vapors, pass through both 
of the cond{‘ns(M‘s and into a s('parator and th('S(' gases ar(‘ forced into 
th(‘ dome of tlu' upp(M' manifold of the still. Th(‘ pc'rmanent gas('s are 
tluax'by regained and due to th('ir retention the formation of such gas(\s 
is claimed to be jx'lanh'd, this elfect being obtained on the supposition 
that if sufficiiMit permaiumt gases are presiait in the aj^paratus an 
equilibrium will occur after which no further jiermanent gases will be 
produced. During operation a pressuri' of from 30 to 200 ])ounds is 
maintained in the apparatus, this pressure varying according to the 
natur(‘ of the oil being treated and the amount of st(‘am introduced 
into the apparatus. The temperature maintained in the upiXM* mani- 
fold of the still may vary from 700° to 1200° F. (371°-649°C.). 

By the admission of steam into the still, decomposition of the oil 
is retarded in ord(‘r to crack the oil mildly, converting it into a distillate 
of from 18° to 50° Baiinie gravity, and of low boiling point. The oil 
Ireated may be of any nature from light fuel oil to heavy residuum 
and the extent of the cracking is n'gulated by tlie pressure and tem- 
perature maintaiiK'd and the amount of steam introduced into the 
apparatus. It is claimed that by the use of steam a distillate which 
contains a high percemtage of hydrocarbons of th(‘ paraffwi series is 
obtained. 

Herbert proposes to rotate the whole still, instead of circulating 
the oil in a stationary still. The still (Fig. 72) is a horizontal shell, 
provided with hollow trunnions, concentric; with the axis of the still. 
These trunnions constitute the vapor exit pipes. Holes in the trun- 
nions register with the lower end of stationary vapor pipers. The process 
» U. S. Patents 1/227,5.58 and 1,227, .5.59, May 22, 1917. 
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is evidently designed to be continuous. Oil is fed into the still by feed 
pipes wfiich extend horizontally through the hollow trunnions. The 
weight of the still is carried partly by the bearings which support the 
trunnions, partly by a series of rollers beneath the still. Distillation 
and condensation may be conducted under pressure. 

Sherman ^ states that very efficient cracking of high boiling oils can 
be effected at a relatively low temperature if the period of heating is 
correspondingly prolonged. He uses cracking tubes in conjunction with 
a still, as shown in Fig. 73. The features of this apparatus are a pres- 



sure still A, a reflux condensc'r B, a carbon filter C and a false bottom 
of fused metal F in the still A. The (a^acking tul)es I) are also jacketed 
with fused metal. The av(‘rag(» range of (‘.racking teinperature is from 
075° to 750° F. (357°-399°(l) and the first 35 p(‘r cent of a batch of 
oil should be convcrt(xl, it is said, into low boiling fractions of a gravity 
of 58°-03° B(^., at temperatures not exceeding 715° F. (380° C.). The 
temperature of the body of oil in the still during this period may run 
between 650° F. and 700° F. (343°-37i° C.). The oil which is cracked 
in the tubes comes both from the still, direct through the carbon filter C, 
and also from the reflux condenser. The light oil vapors produced in 
the cracking coils D pass on their way to the reflux condenser, through 
the pipe E into the main vapor space of the still. 

The reflux condenser allows only oils of the dc'sired gravity to escape, 
and returns the higher boiling portions to the cracking tubes where they 
are mixed with oil which comes direct from the still through the filter- 
ing device C. The low temperatures empl(')yed, the pre'sence of the 
fused metal heat conveyor, the constant movement of oil from the still 
1 U. S. Patents 968,088, August 23, 1010; and 1,288,711, Dec. 24, 1918. 
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to the cracking tubes through the carbon filter — these are features 
wliich are intended at least partly to overcome tin; difficulty p’resented 
by the deposit of carbonaceous niatt(T.' 

An unusual type^ of still for the production of lighter hydrocarbons 
from gas oil, crude oil, kerosene or other hydrocarbon oils has b(‘en d('- 
velo})(‘d by F, A. Kormann.^ He fills most of the space within a still 
or (;onversion chamber with solid porous absorbent material such as 
porous'biick formed by burning a mixture of shale clay, boiu' and willow 
chaicoal. liefoie the oil is introduced, this mass of porous material is 



Fig. 73. — 3\ib(‘ still, with indirect healing proposed by Sherman. 


h(‘ated to expand its poies and I’arefy their gaseous content. Oil to 
bi* treated is supplied to the conversion chamber, is taken up by the 
porous material (which, if in the form of bricks, (contracts), and is 
subsequently distilh'd off with steam, with th(‘ obtainment of a large 
incri^ise of light hydrocarbons over the amount originally present in tin* 
treated oil. The absorbent material is supposed to be used repeatedly 
without vitiation by cai'bon. Thi' theory is advanced by Kormann 
that jiroduction of light hydrocarbons may be the result of pressure upon 
the oil entrapp(‘d within pores of the absorbent material. By employ- 
ment of this proc('ss, it is stated that 10 per cent of gasoline was ob- 
tained from a Mexican crude oil naturally containing only 2 pin* cimt 
gasoline and in treating ki'rosene of 44.5° Be practically complete con- 
version to a liquid of 52° Be. is claimed by Kormann to be effected. 

^ Sco also Sherman H. S. Patent l,2(50,oS4, Mar. 20, 1918. 

2 Chem. Abs. 1920, 1215; U. S. Patent 1,332,849, March 2, 1920. 
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Special Devices for Removing Carbon. Other Safety Methods 

Born ^ lays chains on the bottom of the still. This is said to prevent 
a hard cake of carbon from baking on to the bottom. 

It is stated that in commercially practising the Dewar and Redwood process 
on a large scale, in which the capacity of the still and the <niantity of the material 
treated is several hundred barrels, it is found that the accumulation of carbon on 
the still bottom precludes continuing the run long enough to convert into lighter 
hydrocarbons more than about one-fourth of the material contained in tlu', still. 
This is because the carbon formed in the process is a good non-cxmductor and the 
still bottom undi'r it becHunes hot and, if the run were continued, would soon 
burn through the bottom of the still as well as retard the distillation itself. In 



order to overcome this difhcultv a chain .1, or series of chains, is ])rovided lying 
along the bottom and along the curved side's of tlue still, Fig. 74, and covering 
approximately one-fourth of the total circumfercne^e. The chain may be either one 
continuous hne^ looped at the ends and the ends suspended free from the bottom 
by means of hooks li to enable the chain to be inon* easily removed, or it mav have 
a number of individual sections. In operation the liquid contents are heated to their 
boiling point by the heat from the furnace and circulate freely about and around the 
h'ligth of chain. The carVxm which is jiroduced by the breaking u[) or cracking of 
the charge under the action of the heat, instead of depositing on the still bottom 
proper and causing the objeidionable circumstances referred to above, forms, for 
the greater ]mrt, on the chains lying on the bottom of the still. After tlu^ run has 
been completed, or whenever the accumulation of carbon renders it nect\ssary, the 
still is opened, the ends of the chain are removed from the hooks and the chain is 
pulled out of the still. In this way, most of the carbon adhering to the chain is re- 
moved with it, and the small amount adhering to the still bottom has been so broken 
up that such deposits can, it is stated, very readily be removed. 

1 U. S. Patent 1,234,124, July 24, 1917. 
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Another proposal for coiiliuuoiisly nanovinj!; carbon deposit has 
been advancc'd by Setzlerd • 

Th(‘ still A, Fig. 75, is (‘quipped with a rotating shaft B, mounted in water-cooled 
stufFmg boxes (\ and fitted with a pulLy whei'l />. Inside the still, there is attached 
to th(' shaft, a hehcoidal cleaner E, of such diametc'r and length as to engage* the 
entire heati‘d innt'r periphery of the still. At the front and ivar ends of Ihi* shaft 
n'speetively are water pipi's F entering pa.ssages drilled in the ends of tla; sliaft D, 
a distaiice eepial at least to the length of the shaft inside of the stuffing boxes. A 
discharge pipe is attached to the still at its bottom, near the rear end. 

Ordinarily su(;h a pn'ssure still is charged appnmmately to one-half its capac- 
ity with gas oil and pow(‘r is turned on the motor eonnect(‘d with gear whc'cl 1), 
which revolv(‘s the helicoidal scraper or ch'aner inside tin* still. The still is heated 
so th:it the temperature of the contained oil rapidly rises, until it has reached about 
7t)(F F. {'A7l° {' ) at whkdi temperature the pr(‘.ssure b(‘gins to rise. By the time 
pressure has reach(‘d 100 pounds, the temperature will have risen to approximately 



730° F. (3(S<S° (A), at which temperature and ])r('ssui(‘ carbon Ix'gins to Sfilit off 
from the h(‘ated hydrocarbons, 'rhese have boiling points of S(F to 37,0° F. (27°- 
177° (' ) and a Baunu' gravity of 50 to 5S. 

It has been found that without the use of suitable cl(‘aning, scraping or scour- 
ing, that carbon, at the instant it is fnx'd from its jux'vious combination, b('mg of 
nmoiphous characti'r, and settling imt of the mass of giis oil, s(^(‘ms to be attractcxl 
or drawn to tlu* heated bottom still sh(‘(‘ts. Normally, thes(‘ particles of carbon 
growing together and agglomerating over the bottom sheet, form a coating of carbon, 
of “ s(‘micrystallme ” form, which would have (iangerous results. Bv using a helicoid 
clcarn'r, continuously n'volving inside the still, the carbon which has be(‘n fn'cd 
from its combination is kept in an amop^hoiis condition, and suspended throughout 
the mass of oil. Any carbon which be(‘omes attached to the bottom is promptly 
rc'inoved. It is also stated that with a still wmrkmg under the conditions of pres- 
sure' and heat necessary to effect pressure distillation of hvdrocarbons, precautions 
must be ol)served for maintaining the hermetK; s(‘al of the still. The vulneralile 
points (jf the still described exist in the .shaft entering the still at its longitudinal 
axis. This shaft must have an extremely effective packing maintained at all times, 
within the stuffing boxes, in order to prevent exce.‘«sive leakage, yet the packing 
would 1)0 subjected nonnally to such high temperatures as would rapidly deterio- 


' U. S. Patent, 1,292,000, Jan. 2S, 1919. 
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riite the packing vnaterial. 'To avoid this, thoiv IS tiscd tho silltplG Utitor-cooling 
method found in the tenninnlly horod shaft B, which cnicrinfi; the stuffing boxes 
at either end is maintained in relatively cool condition at all times, by the internal 
flow of water. 

After the operation described has pro^’Tcssed, until apjiroxiniately 
10 per cent of the volume of gas oil charged into the still has been 
converted into other products boiling betwetai 80 ° to 350 ° F. (27°~ 
177° C.) and the Baunie gravity of the products is found to range from 
50 to 58, gas oil is continuously pumpinl into the still at the front 
end, at the same time that the new products referred to are conducted 
off through the vapor line. Having establislu’d the quantity entering 
and leaving the still, the operation is continued until approximately 



Fig. 70. — Ragosin’.s propo.s.d for n'liiovmg carbon by moans of 
rotating brusluN. 


50 per cent of the volume has been conducted off, when tlu‘ oil in the 
still will have reached approximately 24° Baumc. The contiaits are 
then either continuously or p{‘riodically drawn off. 

The liquid, conden.sod and collected, may be distill<*d in the ordinary manner, 
primarily for its gasoline content, while the heavier distillates may be reintro- 
duced into the still for further treatment after the carbon has been allowed to 
settle out. 

Rago^in ^ passes oil vapors from a still through a cracking chamber 
in which the vapors arc superheated. A rotating brush d(wice is used 
to remove carbon deposit (see Fig. 76). 

A. D. Smith, 2 using a combination of still and tubes, provides the 
still with several rotating steel brushes which aid in keeping the bottom 
of the still free from carbon deposit. In addition to this, portions of 

> British Patent Ull, Jan. IS, 1S9S. 

* IJ. S. Patent 1,2.39,423, Sept. 4, 1917. 
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the charge are periodically pumped throiigli filters to remove gum- 
yi(‘l(ling constituents. * 

He cracks fuel oil, gas oil or distillates of i>arallin nature at a pressure of 125 to 
150 pounds and at a temperature of 600" to 700" F. (516"-;371° ( ’ ). A rapid circula- 
tion is maintained during the process so that the objeelionahle carbon depositiini 
on the heating surfaces of the still is greatly reducial and the yuAd of crude gasoline 
mcretisiHl, according to Smith, 70 to SO piT cimt due to ability to prolong the process 
by remiiying danger of burning out the heated mi'tal siirfacis. The removal of this 
carbon is said to be attained by swec'pmg at intervals portions of the charge' to in- 
terchangeable filters and returning the earbon-fre.‘ thud to the still togi-thcr with 



Iig. 77. — lube still, with rotating bruslu's, proposenl by A. D. Smith. 


resh distillate, the* action beang thus rendered conlinuoiis, a most essential feature 
IS regards increasing the output from a given si/.e of apparatus By carbon-free 
luid IS meant a liquid Irom which suspended caiboii jiarticles likely to deposit on 
mated metallic surfaces have been removed. 

It has been noted that, however desirable is the method of applying pressure 
hronghoiit the course of distillation while vajiors are undergoing condensation, 
leverthele.ss a certain constant loss takes jdace through evapoiation of the lighter 
gasolines pa.ssing from th(' liijuid to ga.s<*ous state' as the comh'iisate flows from the 
'lid of the condensing coil to the receiving tank where it jiasscs from high pressure 
() atmospheric pressure. This loss may be reduci'd from forty to fifty per cent, it 
s stated, by keeping not only the vapors themselves under pressure while under- 
going condensation, but the liijiiid conden.sate as wi'll, relii'ving pr.'ssure in excess 
if 1.50 pounds only at the storage tank. The' latti'r is allowt'd to nearly fill before 
ernoval of contents, and the condensati' is blended with low' gravity naphtha, thus 
ntraining and fixing lighter portions of condensate ])roduced under jiressure so 
hat subsequent evaporation is reduced to a minimum. 
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In Fig. 77, the gas oil, fuel oil or paraffin residue is charged from a 
storage \ank A by a pump, through a pipe lim' to a still. The still con- 
sists of the shell B which is mounted in a setting over a furnace with 
its longitudinal axis at a slight downward inclination from front to 
back. Nipi)lcs or connections C open into the bottom of the sIk'U 
at its front and back ends and these nipples are comu'cted to the tube 
boxes or headers I) which arc arranged at the fiont and back ends of 
the furnac(‘ chamber. A series of paralhd tubes E connect the hcad(‘rs, 
and the tub('S and headers are arranged at a considerable ujnvard in- 
clination from back to front below the shell in the path of the hot gases 
from the furnace. The outlet F is provided with a vacuum valv(‘ U 
and safety valv('. (F. A vapor line leads from the outlet to the condenser. 
An outlet pipe for residuum leads from the lower taid of the back header, 
and is normally closcal by a valve //. Within the boik'r shell are ar- 
ranged a series of revolving biiishes K, which may be made of sU'el 
wire or other im'tal capable of withstanding lunit and corrosion. The 
bruslu'S are connected together with driving chains ai'ranged within 
the shell and the r('ar brush is mountcid on a shaft which passes through 
a stuffing box in the side of the she'll and is providc'd with a pulley on 
its outer end. The pulley is belted to a pulley on the liiu' shaft M, 
enabling the se'ries of bruslu's to be rotated, dlu' biuslu's are ro- 
tated in the direction shown by the arrows, tlu'reby assisting in main- 
taining the circulation in the still, and also sw('('])ing the bottom of the 
shell free from carbon. The slu^ll B has a huge caj^acity in proportion 
to the capacity of the tubes. 

As the sii.spemlcd curbon ucoumulatcs, a portion of tlio litjuid (‘onti'iiis of tlu‘ 
shell is withdrawn at intervals, for instain^e every thirty minutes, throufi;!! the, re- 
siduum outh't iV to the filter P, where it is jiassed through fulU'r’s earth or spent 
bone char and is freed from carbon. Th(‘ filtcTs are readily removable for the j)ur- 
pose of cleaning. 

The vapors are condensed and fall into a condensing tank. The same pressure 
is maintained in the condensing tank as throughout the remaiiuha- of the system. 
Any excess of pressure aliove l.'iO pounds on the s\stem is ndieved by the relief 
valve /?. When the condensing tank is nearly full, its contents may be withdrawn 
through the valve S and mixed immediately vith low gravity na[)htha, thus fixing 
the lighter, hydrocarbons. 

According to a process by A. F. Bell ‘ the carbon deposit is n'liioved 
by means of scrapers and carbon colh'cting di'vici'S mountc'd on the 
hollow shaft of an inclined, mechanically rotated still. 

In Fig. 78, A is the still set at an inclination. I'he still has a hollow central 
shaft B which is mounted on trunnions (- for rotation, bv means of ])ower trans- 
mitted through a gear I). The oil is supplied to the still by means of a pumii E, 

~~U7S. Patent 1,231,095, July 3, 1917. 
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the outlet pipe from wliich commimieates with the oil feed pipe F which enters 
the hollow sliiift of the still. The oil then entc'rs the still throuf^h hcles in th(‘ 
central shaft. The distilled vajiors enter the central shaft and pass from it into 
the vapor outlet 11. A pipe A returns to the oil feed pipe F such portion of the 
vajiors as an' not cracked. A small part of the fresh oil is used to lubricate the 
stulling box at M . 

S' aro scnipors. Th('S(^ extend alonj*; the l(‘np;tli of the still at its 
loweriiMist portion, and in contact v.ith its wall. The scrajx'rs are 
indejK'ndi'nt of each other, and each is providial with two arms A" 
which are hung at P upon a shaft P common to all. The shaft R is 
carri('d in the lower ends of ring hangers S which at int(‘rvals are jour- 
naled finely in suitable bearings T on the caaitral shaft B. Thus, 



Eig. 78. — Rotating still, wit h scrai>crs sugge.sted by A. F. Bell. 


(hough the still and its central shaft rotate, the scrapers hang free and 
act upon the inma surfacA' of the still wall throughout its (uitin' cir- 
cumh'ience as tin', wall rotat(‘S against th(‘m. Each scrapiu’, b(*ing 
i(s(‘lf pivotally hung by its arms, has flexibility. The carbon ri'inoved 
by the sci’api'rs is diix'cted by them and by the inclination of tlu' still, 
to the low(M' ('iid. In order to nanovi' tlu* carbon tlu're is s(‘cured to 
the still at its lower end a scoo]) pipe f', the outer open end of which 
Ii(\s in the circumference of the still, and its inner end opens into the 
hollow shaft B, so that at (xich revolution th(‘ scoop pipe picivs up the 
carbon and delivers it to thi' shaft. 

SccuH'd to the shaft and communicating with it is the reservoir chamber V 
with a valved outlet. The operation of the .still is a.s follow.s: — Oil is supplied by 
the pump to the still which is being rotated, through the feed f)i[)c F, and hollow 
shaft li, a jiortion of the oil being used to lubricate the stufhng box M. The vapors 
l)a.ss out through the holes It' into Pie hollow shaft B, past the transverse web sup- 
porting the inner end of pipe F, and up through the vapor outlet II to its condenser 
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and distillate connections. As cracking? takes place more or less carbon is constantly 
deposited on the surfaces, which is continuously scraped off, and delivered to the 
lower end of the still, where it is picked ui) by scoop pipe LI which delivers it inside 
of the revolving shaft B, and from there it finds its way to the reservoir chamber V. 
When it is necessary to remove the carbon which has accumulated in reservoir 
chamb(!r V, th(; still is stojiped revolving; for a f(‘w minutes and the flexible pipe a 
IS forced up by the screw h, so that it makes a tight joint on valved outlet C. llie 
valve of this outlet is then opened, and due to the pr(‘ssure inside the still, all of the 
loose carbon is pushed out into pipe a for deliveiy to a nwiving tank. 

In the cracking oil, tiie precipitated carbon may hi; pri^vented from 
adhering to the walls of the retort according to L. A. Dubbs,^ by the 
scouring action of a non-r(‘activc abrasive material, which is mixed with 
the oil in a finely divided form. Sand is suitable. 

Another method of k(H‘[)ing cracking lubes free of carbon is advanced 
by Francis X. Covers.^ Means ai’e provided in a continuous tube 
furnace for introducing balls, singly and at regulated intervals, into the 
path of flow of the material under treatment prior to its (uitrance into 
the heating zone and for removing th(‘ balls after passing Ihrough the 
heating zone. The material is forcinl through the tube. The use of 
the balls is elaimc'd to r(‘sult in keeping the tube free from deposits. 

Cochran^ distills oil iiiuU'r pressure in a revolving ndort or still 
which contains metallic balls, somewhat af1(T the manner of a ball 
mill. The balls arc said to act as h(‘at condiudors and also as attrition 
agents, aiding in the pr(‘V('ntion of hard crusts of carbon deposit. By 
using, for example, nickel balls, a certain amount of catalytic action 
is claimed to take place. 

J. B. Edwards ^ d(\scrib(‘s a safedy device foi’ preventing fin'S arising 
from a break in the vapor liiu' of pressure stills. 

It is stated that when pressures up to and (‘ven greater than a hundred pounds 
are emi)loyed, the resulting fire hazard has led to the adoption of certain [ireeau- 
tions to prevent burning out the bottoms of the stills and discharging their contents 
directly into the fire. Such provisions, however, arc of no effect in the case of a 
break beyond the still, that is to sav, in the vapor eduction or condensing system. 
This system, or a portion of it, is subject to the same high pressure condition as 
the still, and if a break occurs in this part of the ap{)aratus an immediate out rush 
takes place through the intiTvening part of the svsti'm to the bn'ak, and thus to 
the atmospfiere, where, the' oil and vapors being at a temperature above the Hash 
point, immediate combust am taki's place. 


1 J. S. C. I. 1010, Oil A; Chem. Abs. 1020, 118; U. S. Patent 1,810,053, Octo- 
ber 10, 1010. 

2 Chem. Abs. 1010, 1400 and 1037; V. S. Patent 1,207,833, Mar. 18, 1910; 
Canadian Patent 100,114, May 6, 1010. 

2 U. S. Patent 1,290,.307, Mar. 4, 1010. 

* U. S. Patent 1,277,884, Sept. 3, 1918. 
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In this way, not only tin- still initially affectod hut innnv others assoniblod in the 
same battery or vicinity ma.y be destroyed Such conflagrations have* occurred 
with sacrifice of life, as well as heavy proj)erty loss 

In Fig. 71), A represents a petroleum still having a vapor outlet at the top and 
toward the rear, from which leads the U])\\ardly inchmal vapor pi])(‘ li of large 
(lianK'tcr, having a vertical neck D secured in the outlet, and at its upiM'r end deliver- 
ing the vapors to a pip(‘ E of smaller diameter which conducts tluMii to the top of 
an aiTial condenser F, whence the distillate passes to a cooler coil f/, and then through 
running*line // to receiving drum /, from which the gasoline or other distillate is 
drawn ofT past, a high pressure needle regulating valve K to running tank ./. This 
valve K, together with a valve L governing the escape* of fixed gasi's from the re- 
ceiving drum, are set to create the desired back pre.ssure of the vapors in the system. 
The inclined vapor pipe is for the purpo.se of condensing and returning all iiroducts 
heavier than the desired distillate, and is constructed of the proper length and with 
the proper condensing surface for this purpose.^ 



Fig. 70. — Modification of pressure still, by J. B. Edwards. 


Ill this Jipparatus, wliicdi is r(*pr('seiitativ(‘ of tho.si* now in us(‘, 
there is no means, it is statinl, wliieh is capable of siuilting off tin* flow 
through th(‘. eduction systt'in, until tlie fioint M is reached, betwi'en 
the aerial condenser and Iho cooler coil, where a gate valvt' N is in- 
serted. This valve is not intended as a saf(‘ty shut-olT, and is iiukvd 
without ])ractictil value for such use, becausi* the real dang(‘r of break- 
ag(', lies in advance of this iioint. This valv(‘ is iiK'ri'ly to prevtnit 
the inferior distillate at the b{‘ginning of a run pa.ssing through and 
fouling the cooler coil, and then fiassing into the ri'ceiving driini and 
so on to the rest of the systian, this early distillate bcMiig insteav*! switched 
through a valve ft to a branch 0, from when' it pas.ses to a place of 
disposal. Beyond these valves, that is to say, in the cooler coil and 
subsi'qucntly, th(^ oil is below its fl.ash point, but betwe(‘n them and the 
still the expansion strains are severe, and even with swing joints thia'c 
is always the possibility of some part, from th(‘ neck D onward, giving 
way, in which (;ase there is a forcible ('scapc' of highly inflammable 
1 See also chapter on Refinery Practice. 
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vapors and oil above the flash point, with the likelihood of the disas- 
trous consequences indicated above. 

To overcome this condition a safety shut-off is used, at the source, so that tlie 
whole eduction and condensing system can be promptly cut off from the contents 
of the still in case of a rupture at any point in the system. 

A valve disk A, Figs. SO and SI, is mounted for vertical movement within 
the still to cooperate with a suitable seat b on the lower inwardly-projecting end of 
the vapor neck D. This is suspended by a valve stem or rod F, the uppv.r end of 
which is pivoted loosely on a pintle <l carried by the end of an arm e within the nock, 
which arm in turn is mounted upon a rock-shaft / journaled in bearings g and h in 
the neck. At one end this shaft passes through the wall of the neck, wIuti^ a tight 
joint is preserved by a stuffing box j, and with the outer portion of the shaft is con- 



by J. 15. Edwards (vertical sectional view). J. 15. Edwards (sectional plan view). 


nected a weight arm k, which is normallv sustained by a trigger 1. A wire in passes 
from this trigger to the front of the still and then down to a box, I'hg. 79, locati'd 
at a convenient point and adapted to afford access to the end of the wire upon break- 
ing a glass pane, after the manner of a tire-alarm box. In case of a break in the 
eduction and condenser system it is the work of a moment to pull this wire, where- 
upon the shut-off valve closes immediately and is held closed bv the still pressure, 
d’he counterweighting of the valve disk may be sufficient to counterbalance or to 
overbalance the weight of this part. 

W. B/ Poole ^ proposes to olmato diflicultics aiising from carbon 
deposits and to obtain higher yields of nafihtha by employing a vertical 
still enclosed in a heating flue in such a way that only tlu' vertical 
sides of the still receive direct heat. The bottom of the still projects 
through brick work forming part of the heating flue. The lower portion 
of the still which receives no direct heat acts as a receptacle or sump for 
tarry matter and carbon. 

1 U. S. Patent 1,340,793, May IS, 1920. 
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A tall vapor jjipe extends vertically through heating flues which may 
be fired independently of those which surround the still proper, so that 
products generated in the still may be subjected to higher temperatures 
in the eduction pipe. 

Similarly a crude oil supply t)ipe is situated parallel and in prox- 
imity to the vapor eduction pipe with the result that the oil supply, 
on its way to the still, may be heated to a higher temperature than that 
of the oil in the still. 


The Jenkins Process 

In the Jenkins [)rocess, th(' observation is made that there is a zone 
between the surface of the oil and the top of the still where the tem- 
perature is much lower than in any other portion or zone of the od or 
vapor, and that this is due to the absorption of heat by (mdothermic 
r('actions. In this i)roc('ss, light vapors are removed from this ‘‘ endo- 
thermic zone ’’ by means of a si)e(aal vajK)!' colltador, which is oil- or 
water-cooh'd and which also acts, therefore, as a reflux condensc'r. 
IIenc(‘, light va])ors are remov('d from that particular zone where they 
ar(' formed without allowing those vapors to be subjected to any sui)er- 
lu'ating on their passage to tlu; condenser. This proc(‘ss is claimed to 
produce' larger yields of light naphtha (58° Be.) than some' other ])res- 
sur(' still nudhods. It is also said to (*ffect a corresponding reduction 
in th(‘ pc'rcentage of permanent gas formed. 

The still and conde'nsers are not in fr(‘(‘ communication (as in the 
Burton process), a pre'ssure relief valve' be'ing situateal in close pre)x- 
imity to the still, be'twex'ii the latter and a le)w-i)ressure air cooled 
expansion elrum. It will be note'el that a ceitain amount of conele'n- 
sation takes place under comparatively high pre'ssure, but that this 
ge)es e)n /n.svV/c instead of oidside the still. 

S. Schwartzd working with the Jenkins proce^ss, concentrate's his 
attention upon tapping off vape)re)us pre)elucts of diffe're'iit elensities 
from the vapor spacer by means e)f a vape)r reme)ve'r. 

Up states tliat where both liciiiifl and vapor are present it is necessary to heat 
the liody of heavy oil to between 550 and 1000 dcKrees Fahrenheit to»produce the 
va})or pressure' reepiired to vaporize the heavy oil under the pressure reepurod for 
crackin{>; the heavy oil vapor to form gasoline or other light oils. If the vapor of 
tlu' heavy oil is cooled below that teinT)erature bc'fore any cracking obtains, con- 
densation \m 11 occur. If, however, cracking has taken place the temperature of the 
vapor may be lowered without producing condensation, since the vapor pressure of 
the lighter oils is greater for any given temperature than it is for the heavier oils. 

1 J. 8. C. 1. 1918, 49A; Chem. Abs. 1918, 309; U. 8. Patent 1,247,883, Nov. 27, 
1917. 
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As noted above, it has been obs(‘rved that dose to I lie surface of the heavy oil 
in the stul the temperature is usually lower than that of the oil below it or of the 
vapors and gases near the lop of the still, which is possible since the vapor is largely 
cracked at that jioint. This drop in temperature close to the surface of the heavy oil 
suggests that an endothermic chemical action is taking place at that point and is 
attributed to cracking. The temperature difference is not constant in all cases but 
at a certain height above the surface of the heavy oil (in one apjiaratus employed 
this height was from one-third to one-<iuarter of the height of the top of the still 
above the level of the liquid) the temperature may be as much as 200 to 250 degrees 
Fahrenheit (11U-139°C.) lower than the temperature of the liquid oil. In this 
cool /one the percentage of fixed gases is very slight and if the vapor is withdrawn 
therefrom a larger yiidd of light oils is obtained than is otherwise the case. If the 
vapor IS withdrawn from a higher part of the space above the heavy oil it is found 
to contain a higher percentage of permanent ga.ses which are not desired. As the 
point of withdrawal is raised from th(‘ surface of the heavy oil to the top of the 
vaporizing chamber the density of lh(‘ gases withdrawn decrea.ses. This perhaps 
may be due in part to a progressive lireaking up of the molecules of the vapor 
given off by the heavy oil, and m part to a stratification due to the different den- 
sities of the various gases, the ratio of the densities of methane {('ID and heptane 
vapor (U 7 II 16 — boiling [loint ttS'' (_'. (2()S U F )) for instance being about 1:(>. 

It is advantageous to produce aititicially a still further reduction of temperature. 
This further reduction without reduction of j)re.ssure is chiiiiK'd to increase’ the 
yield of gasoline and other light oils and to improve their (pialitv. It has the further 
effect of fiist condensing, in part at. least, any uncracke'd vapor or the vjipor of oils 
having a higher boiling point than that desiii’d, which may still remain in the cool 
zone so that the.se constitiK’iits will largelv be returiK’d m luiuid drops to the main 
body of liepiid for redistillation, and, second, checking, if not stopping, the further 
disintegration of the molecules of the light oils into jiermanent gases. 

Tims, heavy oils on the oik' hand and iK’rnianent g:ases on the 
other hand are said to Ix' larg:('ly (‘liininated from th(’ cool zone. The 
result is to obtain a large yield of ti product having a high percentage 
of hydrocarbons having boiling points betweiui th(‘ most desirable 
limits, say 95° to 270° F. (35°-132.2° C.). Another advantage of this 
further reduction in temperature of the cool zoiu' is that it enables 
the temperature of the liciuid oil to be raised, without producing dis- 
advantageous results, so that the pi’oduction of vapor from the heavy 
oil and the subsi'fpient cracking of that vapor arc accelerated. 
The pressure is correspondingly rais(’d, which also aids the cracking 
process. The production of excessive quantities of permanent gases 
from the light oil vapor formed which woidd normally result from the 
increased temperature and pressure is claiim'd to be prevented by the 
cooling of the vapor in the cool zone. 

This temperature reduction may be prodiu’ed by cooling the upper part of the 
still by expo.sure to the atmosphere or to artificial air curn'iiks or by cooling the vapors 
in other ways, but thi’ best method is to cau.se the cooling medium to act on the zone 
which is naturally cooler than the otlier parts of the vapor .space a.s that is the 
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point at wliich tlio vapors contain a inaxiinuin amount of li}i;li( oil vajiors As tho 
mere heating of the heavy oil iiiuha pressure ])ro(lue('s little light oil, an^ appears 
to aid the production of carbon, th(‘ volumi‘ of oil m the still should be small rela- 
tively to the vaporizing area, and the 
oil should be kept in (‘onstant circula- 
tion to bring each part to the vaiiorizing 
surface as rapidly ami as fnaiuently as 
])ossible. Furthi'r, if tho heavy oil is 
]iassed slowly over the heati'd portions 
of th(‘ still, it IS liable to b(' cracked 
too “ line,” with th(‘ ri'sultiiig ri'lease 
of a large pro[)ortion of jK'rmamait 
gases, and the simultam'ous d('))osit of 
carbon, 'fhe heavv oil is positivi'ly 
circulated at suc,h a siiei'd that it can- 
not be suddenly heated or ov('rh('at(‘d 
at any jioint, and therebv the foima- 
tion of carbon is greatly ri'strictial. It 
IS ])articularly advantageous to circu- 
lat(' thi' oil whim tlic ti'inix'raturi' of 
th(' oil IS raised above that normally 
emjiloyed 

Suspendt'd from the top of tlx* still 
A (lag. (S2) IS a gas and vapor collec- 
tor which IS a larg(‘, tubular contaimT 
h, pi'i’foraled at its bottom and sidi's, 

I lie interior being in communication 
with the jiipe c, which is tek'scopically 
connected to the cylinder d mounted 
on top of the still. This evlinder is 
coniK'cted to an adjustalile jiressure 
relief valve. 

k’nim the pressure ri'lief valve the Kig. 82. — ''rransviTse cross section of 
gases and vapor How to an exiiansion Jiaikins’ still, showing vapor colk'ctor. 
chamber and then through a iiressure 

relief valve to a condensi'r from which gasoline and oth(‘r light products mav be 
drawn. The gas and vajior colleiHor is of doubk* walled 
construction and has an inner wall r and an outer wall / 
between which extend a senes of open-ended tubes (j (Fig. 
88), which allow vapor from the still to enter the collector. 
The pi])e c IS similarly doubl<“ walled so that water or other 
cooling medium may be forceil between the wallg h and k of 
the collector. In order that circulation may be effected, 
partitions m (Fig 88) are arranged between the walls along 
the U])per .side' of the collector and these partitions are ex- 
Fig. 83. ti'iided betweim the walls of the pipe c (Fig. 82) on each side 

of it. The collector h (Fig. 82) is arranged (juite near to the 
level of the liipiid in the still A and in the coolest part of the vapor zone. As the 
jiroper location of the collector depends in part on the nature of the oil used, as 
^vell as on the temperatures and jiressure (*mplovcd, the collector is arranged so 
that it can be raised and lowered in the still. For this purpose the pipe c flag. 82) 
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is mounted on ii jnston P adapted to slide to and fro in the cylinder c. In order to 
allow of -this sliding movenu'nt of the pipe c, sliding connections are provided bc'- 
tween the pipe c and tlu' inl(*t and outlet juiies R and for the cooling medium. 
These sliding conned ions consist of two pipes T and V having communication with 
the spaces between the walls of the jnpe c on either side of the jiartition ni (Fig. 83) 
and carrying stuffing boxes IF and .V for receiving the ends of the pipes R and S. 
The piston with the collector and other parts is raised and lowered by means of the 
tube Y which passes through a stuffing box Z at the top of the cylmdiT r so that 
it may be clamped in any d(‘sired position by rni'ans of set-screws. Thia tube is 
closed at its upper end but is provided betweem its ends with an aperture ) ' 
through which the vapor from the still can pa.ss into the pipe leading to the pressure 
relief valve. 



Details of (he aiTangement of the Jenkins still ^ and eircuhating 
tubes, equipped tvith ti vapor collector of the* type described above, art^ 
shown in Fig. 84. TIk^ process may be continuous. 

The heavier hydrocarbon oil is pumped from the source of its supjily through 
the feed pipe a, Fig 84, m which is choirk valve a', control valve n”, :md through th(‘ 
inli't jiipe b terminating m a dovvmvardly directed portion r inside (he still. 44ie st ill 
is a strongly reinforced tank, having depending legs r/ and d', connected by a series 
of tubes e, which slope upward. The n'ar or 1ow(t leg of the still is an enlarged 
chamber d', which is connected U) the barrel / by a circular passageway in w hich 
is mounted a propeller upon a shaft having a bearing at its lower end upon the 
spider construction k. The shaft piussc's through (he spidiu’ I and out of the 
barrel through a stuffing box. It is eipiippiMl at its top with a bevel gear in mesh 
with which is another bevel gear upon a power shaft m. Below the still is a fire 
box. The .siqiply of heavier hydrocarbons flowing in through feed pipe a controlled 
by valve <i" and being directed behind the propeller h is mechanically forced or 

1 J. S. C .1. 1917, 704; Chem. Abs. 1918. 1920; U. S. Patent l, 220 ,r) 26 , May 
15, 1917; British Patent 116,119, May 17, 1917, to U. S. Jenkins. See also U. 8. 
Jenkins, French Patent 485,774, FVb. 6, 1918. 
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puinpod downwardly in log (V and then upwardly through tho tubes c and through 
the log d and into tho barrel /. This positive driving or pumping of the lHiid eauses 
a eontrolled and rapid oiroulation of the entin* IkiukI eonlonts of the still around or 
baok through the barrel /, down log d', up through the tubes, through leg d and 
back into the barrel again. 

The log d is made larger than the leg d\ the purpose of this being to accommodate 
the expansion of liquid, which takes place in the tubes c, particularly at or near their 
upper ends, and to [irevent the possibility of a “ flan; back,” which is apt to occur if 
the enlarged and foaming volume of hotter oil is (“ontinod in a leg of the same size 
as that which holds the cooler incoming oil. By tlu; provision of enlarged leg d, 
as well as by the mechanically forced rapid circulation inducial by the propeller /i, 
this “ Haring back” of gase^s and vapors into the lower leg </' i.s prevented. 'I'lic 
liciuid level is maintained constant, ddiis is done by means of a level indicator 


and controller p. 

The gas and vapor collector can be moved upwardly or downwardly, as noted, 
}=^) as to take olT vapors of difTerent densitu's. To elTect this adjustment, the 
pipe (' IS rigidly connected at oni^ end to the gas and vapor collector .1 and its op- 
posite end passes through the journal in the arm H and is provid(‘d at, its extnane 
caul with an outwardly extending flange to rest on the arm li so as to move upwardly 
with it. Tor raising and lowering the arm B and gas colk'ctor .1, two rods arc' 
provided wdiich pass through stuffing bo.xes and then through opcaiings in the 
supporting arms 1). These are provided with s('t scri'ws. 

Idle liipiid contents of the still, as noted, are rapidly (arculated throiigli the 
barrel, depending legs and tubes of the apparatus, while' a brisk (ire is maint aim'd on 
th(‘ grille, ddie result will be the releases of gasi'ous and vaporous ])ro(lucts and the 
generation of pressure in the apiiaratus, evolved gases and vapors colh'cting in the 
space above the constant lieiuid hwel in tlu' barivl /, where they supp sedly arrange 
thems('lves, at least temporarily, aearording to their ch'iisities— that is to say, the 
hghti'r gases and vapors will take position near the top of the barrel and the heavier 
gases and vapors c,ollect below them, so that the average density of the gases and 
vaiiors at different levels will be diffi^ri'iit. d’he ])rcssure is controlh'd liy valve E. 
By controlling iiressure, temperaturii and rate of circulation in the aiiparatus, ac- 
cording to Jenkins, the conditions ivipiired for the conqilete transformation of the 


heavier hydrocarbons can be obtained. 

For e.xample, if the pressuri^ relief valve is set al, 200 poumls, a constant jn-essure 
of approximately 200 pounds will be maintained m tlu' apparatus, and the transfor- 
mations which will occur take plac.e continuouslv, new heavKT hvdiocarbons being 
supplied as reciiiired through feed jiipe a to maintain a constant liquid leve in the 
barrel. In actual operation, the entire process is said to progress smoothly and 
(luietly, the oil flowing rapidly through the apparatus, and condensable gases and 
vapors continuously flowing off through the collector A. T le gases aru I ‘ 
passing through the pipe F are permitted to expand against a low pie^iin o . 

In ,„Hnnl«, cntrollcl by thn pn-ssurn relief vnlve «, in t .c evpansn... c ban A 

ami are thus effectively reduced in (einperature, after winch they are p:e,>,ed throiis! 


"'’'''iVrmcans of the meehanieal cireiilation, the deposit of carbon in 
is sai,l to be ren.lered practically i.nposs.ble. This depos.t, 

and constitutes a very serious and exiK'nsivc to 

pcdrolenm stills, is eaused, it is said, by the fact that 

pass rapidly enough over the heated surfaces and leme is ‘ ^ resulting deposit 
with the release of a larsc proportion of permanent g.u, and the rtsultm, depos.t 
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of carbon. By moans of the positive circulatory system, the oil may be made to 
circulate eit any desired speed, preventing the charge from being suddenly heated 
or overheated at any point. ^ 


The Isom Process 

In the Isom piocoss^ the piirpo.s(^ also is to subject oil to toin- 
p(‘ralurcs and pressures undiu- such (conditions that there will be no 
deposition of carbon upon the liighly heatc'd sui‘fac(‘s. A horizontal 
cylindrical reservoir, C (Fig. 85), similar to a still, is in series with 



Fig. 85. — The Isom tube still. 


multiple-connc^cted lu'aling tubes D. The oil is passcnl through this 
battery of tubes in a furnace A, being (jonstantly circulatc'd from the 
res(‘rvoir C through the tubes D, by means of a for(;ing devic(' B. The 
tank C is conn('ct(‘d to a condenser. High pressure' is maintained 
throughout ivservoir C, tubes D and condenser. It is stated that the 
rush of liquids through the heating tiilx's constantly sweeps them clean 
and free from carbon d('posit. The heating tubes, or fire tubes, are in 
a furnace setting which is located apart from the drum or reservoir. 

^ See also IT. S. .Jenkin.s, IT. S. Patent 1,321,749, Nov. 11, 1919 

2 U. S. Patent 1,285,200, Nov. 19, 1918. 


I)IST1LJ.AT10N UNDER FRK^^VRK ~ Continued 


219 


A continuous supply of fresh oil to the reservoir renders the process continuous 
The upper manifold E is placed above the roof of the Hues. The lower^ manifold 
F is similar to the upper oiu*, and the heating pipes extend vertically between the 
respective branches on the laterals of the upixT and tow»‘r manifold and throut>:h the 
roof and floor of the flues. The upper and lower branches t)f the manifolds are 
closed by removable plugs. Traj}s C, (F are providi'd at the respective opposite 
ends of the latc'rals of the lower manifold and an* <‘ach connected to the end 
of eaifli of the adjacent laterals by elbows in .such mann(‘r that the solid and semi- 
solid contents of the oils (end to .settle into the trii])s. l^aeh trap at its opposite (aids 
has draw-olT inpes provided with turning plugs for draining th(‘ trap. From each 
end of the mam of the upjier manifold, a return pipe // leads to the corres|)onding 
end of the supply tank C, bv means of whi(‘h oil is continuously returned from the 
heating ])i])('s to tlu' tank. I'hxun the center of tlu* tank a mam k leads downwardly 
to the casing L of the oil forcing aiiparatus from which the oil is distributed by 



l,ran,.h pipos , 1 /, to tho opposite on, Is of the .nion of the lo«cr mjm.f,, hi, he ,j 

for,., OK upperatu.s consists of n spinil conveyor or .screiv-propelhT, the sin f of 
,1,0 ..onvever being provided lit its outer end with ii driving pulley / . By robit ng 
the serew-propeller the heavy oil is ,-ireuliiled riipidlv Iroin the oiring iipii.ii.itiis 
upwardly through the heating inix's to the tank, and buck through the 
t„ the fi’ireing apparatus. Because of the high pressure a special pieeinition iiinst 
be taki for tireventiiig the leakage of oil about the shaft siiic 
above the ignition tem|)erature would inline, hately iiiHaine, on , M 'ls 
i 'tnlphere. do avonl ',l,fficulty of this k,n,l a stuffing box a I ig Hb, - 1-- 
about the shaft, an,l is in turn enehwil in a housing b, which has a stuffing . 
about the shaft at c. Relatively cold oil is inrcnlatcl thniiigh the ^ it 

pressure somewhat m excess of the pri^ssiire within the .-asing ^ ' 

liny leakage past the stuffing box, it will be of the eohl ^ 'r 

For this purpose a pump d is eonneeteil to a tank conlainiiig oi intorior 

being treated ami to the housing b. F’rom the housing the oi is 1 
of the casing f, where it mingles with the oil being treate, . lo * ' ll 

of the licpiiil in tank C, the oil is supplieil in this manner but ^ 

gether sufficient for 

vided which leads to the supply of oil. V. J J 



220 


MOTOR FUELS 


wii^tfi-pipe c and the pipe h respectively and may be used to regulate tlie amount 
of oil introduced into the cracking system. 'I'lie supply of oil to which the pump </ 
anU return pipe <■ are connected is of sullicient size to avoid materially heating it 
by the return of oil. Sufficient circulation of the oil through the housing is main- 
tained to prevent heating to a dangerous temperature so that it is immaterial if 
there be leaka^^e j)ast t he packing C. 

The upper manifold supports the weight of the lower manifold and the heating 
pipes and is itself supported upon I-beams, forming part of the reinforcing struc- 
ture of the furnace. Thus tlie pipes I) are free to expand with the temnerature. 

Ihe only surfaces subjected to heat are all vertical and constantly sx^vpt by the 
current of oil so that there is little or no tendency for carbon to accumulate and 
t leir heat-conductive capacity is therefore not, iliminished nor are the jiipes in danger 
o overheating. Ihere are no joints within the heated zone but only straight pijies 
and on account of the clean-out plugs or plates referred to the pipes may be readily 
( (.aneil. Ihe greater proportion of the solid matter is deposited in the traps from 
which It may b(‘ rcanowd and any matter accumulating in the lower header may be 
removed through liandlioles. 
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CRACKING IN STILLS UNDER PRESSURE 

< Dewar and Redwood Process 

Dewar and Redwood ^ (aiick lu^avy oils and |•(‘sidllt•s l)y hoatiiifi; 
und(‘r f)ressui’(^ and condonsinjz; under pressun^. The use of an ex- 
traiu'ous ^as to cn^ate additional pi’essure in the still is also mentioned. 

These investij^ators, who apparently w(‘r(' lh(‘ first to simultaneously 
distill and eoiuhaise under pressure, call attention to the very large 
residue frequently obtained in distilling mineral oils, such as natural 
petroleum or similar oil made from shale, coal or other bituminous sub- 
stance, in order to separate the lighter oil suitable for lamps or other 
purpos(‘S from the heavier oils. They refer to the attempts to obtain 
lighti'r oils from these; rc'sidues or from heavy natural ixdrok'ums by 
causing the compressed vapor geau'niteHl in the; still to pass a heavily 
loaded valve or a regulating stopcock to the condenser, so that th(‘ 
vaporization might take place under considerable pre'ssure. Tliey 
state that, it had also been proposed to arrange' the still with its 
upjx'r part, cooleel so that the; le*ss veilatile portieins of the vapeir may 
be'come' more eir h'ss condenseel and fall back inte) the hot liejuiel be'low, 
this meiele eif ope'rating then being commonly ternu'd “ cracking.’’ Both 
the'se' methods are' considere;el objcctieinable, the' forme'r ein ace*e)unt eif 
the' irregularity eif the distillation, and the; latter on ace'.eiunt e)f the' waste' 
of heat, in ceinelue'ting the cracking proce'ss, anel the' sleiwne'ss and insuf- 
fie'iency of the re'sults. 

The uu'thod use'el by Dewar and Rc'dwoeiel, hewvever, e'einsists in 
conelucting the elistillation in such a manne'r that regular vapeirizatiein 
and comlensation under high pressure re'sults, anel at the same time 
ci'acking duly take's place. For this purpose' a still and a e'onele'iiser 
are arranged in five communicatiein with enie' aneitlu'r Avitheiut interpeis- 
ing any valve, but a regulate'el enitle't feir ceinele'iiseTl liquiel* from the 
conelenser is use'el. The' ?^pace' in the still anel e'einekmse'r that is not 
eiccupieel by liepiiel is e'harge'd with gas unek'i* consiek'rable pressure', 
(’arbonic aciel gas, or either gas that canneit act clu'niically em the; matter 
(re'ated, may be; empkiyexl. 

' British Patents 10,277, Juno 24, ISSO; 13,010 (1890); 5971 (1891); U. S. 
Patents 419,931 and 420,173 (1890). 
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The distillation and cond('nsation beinji; thus conducted under con- 
siderable pressure, which can be regulated at will, there is obtained 
from the heavy residue a quantity of light oil suitable for illuminating 
and other i)ur])oses, which products cannot be so successfully obtained 
by distillation under atmosi)heric pressure. The still head or upper 
part of the still is designed so as to operate according to the cracking 
iiudhod above referred to, the cracking in this case taking place 
under high pressure, instead of b(*ing cariicd on under atmospheric 
pressure. 

Above tlu' combustion chamber B (Fig. 87) is placcnl a metal retort 
C which is enclosed within a refractory casing to protect the metal 
from excessive local heating. Th(‘ encased ndort is situated in a heat- 
ing chamber into which the hot products of combustion ascend by 
sid(i ports B‘^ and from which they pass by central ports B^ into a flue 
B"^ communicating with a chimney. The front part of the retort C 
communicates frec'ly with a still h(‘ad provided with a pressure gage 

and safely valv(‘ The exposed end of the retort C is closed by a 
removable cover provided with a glass gage to show the level of 
the li(iuid in the retort. D is a pipe (a>il situated in a tank in which 
circulation of water is maintained. Th(' upper end of the coil D com- 
municates by a pip(' with the still Inaid and its lower end opens into 
a hollow column 1)^ which is provided with a glass gag(' and has 
at th(' bottom an outlet pipe furnished with a stop cock or valve. 
A pump forces oil to be treated by a pii)e into the ndort C, this 
pipe normally (‘xtending nearly to th(* fartlna* end of the retort. 
By another [)ipe furnished with a valve, the contents of the retort 
can be drawn off, or this pipe may communicate with a second retort 
which in like manner may be connected with a third so as to form a 
series of any r('(|uir(Hl number. Air or other gas is forccnl by a pipe 
into the still h(‘ad or into any other ])art of the apparatus which is in 
communication with the still head. The retort C being partly charged 
with oil, and the spaces in the retort U in the still head and in the 
condensing coil I) and the column being charg('d with air or gas 
to the desired pressure, tin* ndort is heat(‘d, vaporizing the oil under 
pressure. The oil vapor is condensed in passing through the coil D 
and the liquid distillate collects in the column 7)^ and is drawn off either 
continuously or intermittently into suitable receptacles in which such 
gas as may be dissolved in the liquid is liberated and can be collected. 
By a pipe and a cock or a suitably load(‘d safety valve gas may be 
withdrawal from the space above the liquid in the column TF. 

There may be several sets of stills and condensers in communication 
with the oil and gas pumps, or w ith each other, requisite valves being 
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provided ia the coniiiiunicatinj); pipes so that the several stills may he 
worked simiillaiK'ously or in rotation. From time to time the cover 
of the still may be removed to clear out residue. During the dis- 
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inoro or less ean be obtained to suit various uses. Also the pro- 
portionvi of the j)arts may be varied and if necessary cooling may be 
applied to th(‘. still heatl Ul 

Tlui method and apparatus are applicable not only to petrohaim 
and other oils, but also to substances generally, from which oils can be 
distilled, for instance, colophony and other resins. The suljstances 
treated by this procc'ss, Dewar and Ih'dwood state, should customai'ily 
be as free as possible from wat('r so as to avoid gen(‘ratioii of stc'am at 
high pressure. In sonu' cases th(‘ operation is accompani(‘d by pro- 
duction of permanent gas which, Ixang incap;d)le of condensation, 
would accumulat(‘ and ])roduce abnormal pressure, A njlief valva^ 
should therefore be pi'ovided to allow escape of this gas from time 
to time. 



CHAPTER X 


CRACKING IN STILLS UNDER PRESSURE ^ 

The Burton Process 

Burton distills fiu'l oil and ^as oil uiuka- a pressure of 4 to 5 atnios- 
])li(‘res and also coinkaisc'S th(' distillat(‘ under pressure in eciuilihiiuni 
with tli(' vapoi' pressur(‘ obtaining- in the still. A saturated ^;asoline 
is said to be obtained. 

* Hurton iiotrs Hint the d(‘man(l for gasoline' lias indiieod a large' ine'rcasc in the' 
supply hv imprewe'ine'iits in the* me'thoel e»f distilling fioni e*ruelo potroleuin the naph- 
thas, the* heiiling points eif \vhie*li lange from ahead. 7o° V. to a.KP F. (‘27'’--177'’ (' ). 
'hills leave's the' illuininalmg oils, the' heiihng fxants ol whie-h lange* from aheail HotP F. 
to about ()0(F F. (177°-iUti‘'' C.) and the lubricating e)ils anel \\a\e's and, as re'sidue, 
fui'l oil anel gas eiil, with healing i)oints ranging from alxait (iOtF V. to 7(MF 1’. (^UtF- 
d7P(')- I'h*-' uie'.re'asing ele'inand for gasoline has inelue'e'el att('in])(s to eibtain it 

liom this re^sidue; but these' attempts, while* sue'ce'ssful in ])re)elue-ing gaseilnu', have^ 
invari:d)lv, it is stated, as the* lesult eif lowe'ring the bealing })eant, e'hange'il the ge'ii- 
e*ial formula of the* paratlin gioup ((\,lf 2 „ -f2) lothate)f the* e'tlule'ne* gre)iip (( ',,1 F-/), 
re'iide'i’ing the prexluet unmarke'table' ein ae'e'oiml of its eeffe'iisive* eielor, feir the 
re'inoval of which lu) suitable* tre'atme'nt has be'cn found. nu'tlmel eif Ire'ating the 
fue'l and gas oils, for obtaining a low* boiling ])omt proeluet involve's subjecting the 
iKiuid to be tre'aU'd to a te'mpe'rature^ suthi'ie'ntlv high to se'eaire seM'alled de'stiuc- 
tive- distillation, anel coneluctmg the* ri'sultant. vapors thremgh a. e'einele'iise'r by way 
of a pipe eer e-ondiiit e-onne'ct mg it with the* still, but having a leiaele'd valve inte'r- 
j)os('d 111 the e'ondiiit betwa'e'ti the condi'nse'r and still to maintain pri'ssiire* m the' latte'r 
e)f the* v.iiiors of distillation on the heiuiel W hile this prae'tie'e* proelue'e's the* de'sire^d 
elTe'ct of yielding li(|Uids of lower boiling point, the* t'emdense'el proehu't is fe)und 
to have* be'cn eamve'rted into ehstillate's be'longing to the* edije'e-tieinable* e'thvle'iie* 
group re'fe'rre'd to. 'Phe obje'i-t. is to avoiel e-onversie)n of the petreile'um of the* 
paraffin scries into proelucts be'longing (o the I'thvle'ne scrie's. 'Phis is said to 
be> ae*ce)mphshe'fl by raising the* boiling point of the hejuiel re'sielue anel incre^asing 
the* lu'at infhie'ne'c on it while' undergoing elist dial ion by maintaining bae'k ]in'ssuie 
een the iKpiiil of thei vapois from elislillation, anel also maintaining the vapeirs the'in- 
sclve's imeler pre'ssiire* threjughout the*ir e-ourse fiom the still through the condense'r 
and w'hile undergeting eonde'iisation 

In Fig. S(S still A fen- the lieiuiel resielue* tei be tivated surmeiunts a fire* e*hambe'r 
and IS etpiippe'd with a safety valve B to re'lieve e.ve*e'ssive pressure*, a pre.ssure gage*, 

' S('e also Chapter IIT, ])age 72, em Itefinery Prae*tice. 

Hdiem. Abs. 1913, SSS, l()07; 1014, 2'.) II, 323:); (’henn. Abs lOlfi, blOl; British 
Patent 29,802 (1912); Neirwegian Patent 20,008, Feb. 11, 1910; U. S. Patent 
1,019,667, Jan. 7, 1913. 
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and a tcmporaturo C. A oonduit D loads from the top of the stdl and inclines 
upwardfy (to induce the return How mto it of uiivaporized portions of the lujuid) 
to a condenser E the tank of which is provided with a lower draw-off cock, d'he 
condenser coil discharges at its lower end throuj^h a pipe extension into a receiver 
lor tlie jiroducts of condensation. In this pipe, and tliiis beyond the discharj^e- 
end of the coil, is contained a sliiit-off valve A’, and it is desirable to e{jiiip the coil 
with a relief valve K on the upjK‘r end of a pipe risinfi: from near the low(*r end of 
the coil through the top of the cond(‘n.s(‘r tank, for reli{*ving the g;us pressun* which 
is liable to accumulate in the coil and obstrucH, the action of the apparatus. The 
valve E is normally closed. From a supply of the liriuid residue contained in the 


rig. S.S. — Burton pressure still. 


holder A heat from the tire chamber distills the volatile constituents, and the re- 
sultant vapors course through the conduit D and <*oil E in which they are condensi'd. 
With the valve E tightly closed against the escape of th<‘ products of condensation, 
the vapors of distillation accumulate and exert a high pressure amounting from 
about 4 tf- about 5 atmospheres upon the liciuid in the still, raising the boiling 
point from o00° F.-(K)0° F. (2r)0%31(3° C.) to 750° F. -800° F. (40r-427'^ C.) and 
this pressun.' of the vapors combined with their heat increases the conversion of the 
high boiling members of the paraffin .series into the low boiling members of th(‘ same 
series. The valve E is opened from time to time to draw off the jiroducts of con- 
densation into the receiver. In fact, the intervals of drawing off should be suffi- 
ciently frequent to avoid filling the coil w'ith liquid. The re.sultant gasoline is 
said to be a product belonging to the paraffin series, the same as the petroleum 
residue from which it was distilled. 
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An impiovcnieiil in this process consists ‘ in distilling to dryness, at 
atmospheric pressure, the residue from the pressure distillatioif, uniting 
this atmospheric distillates with the residue from a previous pressure 
distillation and subjecting the whole to the heat-pressure treatment. 
In this way high yields of gasoline are said to be obtained. 

The pressure distillation is eontinued until the residue in the still 
is reduced to' a thin syi’iip-like consistency, and the original eharg(‘ 
has b(’dn reduced to from to 40 per cent of its bulk. In th(' meantime, 
it is desirable to open, from time to time, a relief valv(‘ in the upper 



(‘iid of a pipe I'ising from near tlu' lower (‘nd of th(* condemser coil, for 
r('li(‘vmg the gas ])i‘essure. The residue* is witluh’awn from the* still A 
(hig. 88) and is introduc(‘d into a second still a (Fig. 89) heated by a 
furnace and provid(*d with a vapor dome h equipf)ed with a piessure 
sah'ty valve and a vacuum safety valve*. A ])ii)e coniu'cts the vapor 
dome with a condense*!’ coil discharging from its lower end into a re*- 
ct'iv(‘r c. The cont(*nts of the* still are* !naintaine‘el unele*r atmeespherie* 
e)r api)re)ximately atmof^])heric pressure* tee distill the ve)latile constitu- 
ents of the contents, which are conelucte'el off anel ce:)nele*nse*el, and the 
pioducts e)f condensation accumulate as a yellowish liepiid in the re- 
ce*ive'r. This proceelure is carrie*el on until the e)riginal e*on tents of the 
1 Burton Chom. Abs. 1015, 2152; Chem. Abs. 1916, 263A; Chom. Abs. 1917, 
207; British Patent 6.59:i, Mar. 16, 1914 (Standard Oil i'o ); Holland Pat(‘nt 1656, 
Oct! 16, 1916 (Standard Oil Co.); U. S. Patent 1.105,961, Aug. 4, 1914. 
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still a have been redueetl to a eoiidilion of dryness, the distillate accu- 
imilaled'in the receiver anioLinlin»; to about 95 per cent of the charge 
in the still a. 

Tlio IkiiucI of (‘(mdensalioii in the r(‘C('iv(‘r us withdrawn and introduced into 
the slill A, Fig. SS, or into another like it for si'parate treatment, and is thiTC sul)- 
ji'cted to till' original iirocc'ss. 'the re.snltant distillate is claim(‘d to be a low boil- 
ing |)oint product, belonging to the paralhn si'ries. Instead of treating the contents 
of the receiver c (Fig. 81)) separately in a still A (Fig. 88) it is suggested t)iat they 
be inixi'd ^\lth the original residue. Hy following the last named practice, about 08^ 
]j('r cent of the original charge m still A is converted into gasoline, about 1^ jier 
cent going off in the form of gas, which is used as luel This leaves soiiK'what less 
than do [ler c<‘nt of the original charge as residm* to be treated in still n from whi(;h 
about bo per cent is distilled, leaving about f) per c(‘nt- as dry residue or coke; and 
this distillate, being turned back into still .1 for tn‘atment with the charge intro- 
duced tluTi'in for the original treatment, again produci's m the first still the same 
yields of about (Idj- per cent of gasoline and about 3d per cent of residue In tins- 
way the practi(‘e may be carried on endh'sslv b\ the addition of fresh charges into 
the high-pressure still, 'riius practically all (not considering the incidental losses) 
of tlu* original high boiling point ])roduct first treated by tlu' process practiced in 
still A is said to be converted into ga.solme of the same paraffin series or giou|) as 
that of the original rc'sidue. The hnv boiling point product rebuTcd to as gasoline, 
is crude gasoline, which has to be pr(*par(‘d tor th(' market, by first treating it with 
sulphuric acid and then r(‘-distilhng to produci* the finished deodorizial gasoline. 'FIk^ 
sulphuric acid treatment entails a loss of about 11 per cent. 

It is stated ‘ that the atinosph(‘ri(* (lost met ivo distillate produet'd as 
d(‘seribed above consists of hydrocarbons wliosi' viscosities are very 
low in consid(‘ration of their n'spetdive gravitit'S. 

Tlu' distillate is said to consist of a mixture of oils of var\ ing gravitv and ch(ani- 
cal composition, in large part members of the upper range of the )>araflin series, but 
including also soiiK" jiroportion of nnsaturated hvdrocarl)ons, asphalts, c>chc com- 
pounds and other products and bv-products of [jetroleum distillation, the e.xact 
constitution being dejiendent upon the nature of the r.aw maferial used m its manu- 
facture. A tvpical series of fractions taken from th(‘ still at intervals during a nm 
of th(‘ latter wall show' the following ri'lations betwaam the gravity and viscosity of 


the fractions: 

V ificmily at lOO” V. 


r/,sres?/// at 100° F. 

B<mmr gravity 

{Sayholl risco'iinirtrr) Baamc (jravily 

[Bayhall viscosi nuter] 

28 t) 

m 

15 8 

70 

26 o ^ 

38 

15 2 

88 

23 8 

42 

15 0 

89 

21.5 

45 

11.7 

97 

21 1 

51 

11. 1 

105 

20 2 

52 

13 2 

110 

18.7 

58 

13 0 

no 

17.8 

02 

12 0 

158 

.17.2 

05 

10.8 

198 

10.7 

00 



^ Burton, U. 

S. Patent 1,107,884, Jan. 11, 

1916. 
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Siinilur ^ravit} -viscohily tables of sonic eomnu.n |H'troleuin oils inadi' by other 
processes are as lollo\\&: * 


Oils ttmdc front Cultjornui crude ptlrohuni 


(Iraritij 

Viscnsihj (it UK 

IS S 

tl9 

20.1 

2.80 

20 0 

889 

21.0 

no 

21. S 

107 

22.0 

189 

Oils nuidc from 

Konms-OU'ihomu crude petroleum 

(iranUj 

1 iscositij (it 10(f 

20 0 

280 

20 0 

190 

20 0 

100 

20 0 

1 10 

27 0 

100 


liy plottinji; J2,raplii('allv the f>:ravil\-viscosily cairve of the fractions which make 
np th(' oil (li'scrib('(l and by plottinj; similar nravit\ -viscosity curves of tlu‘ otht'r 
oils 4,iv('n it IS siM'ii that over till' w'hol<‘ lan^e of its const itmuit fractions it. has a 
consuh'iablv lowi'r viscositv than otlu'r oils of tlie same ^rravitv or densit\. In 
jihvsical a])pearauc(' ami in chemical constitution it. apjiears to b(‘ the sam(' as otlu'r 
pidroleum oils of the saiiu' gravity It mav Ix' filtered, tn'ateil with acids and al- 
kalis, fractionated and subjectial to th<‘ customaiy processi's ol pidroleum ri'lining 
in so far as is ncoi'ssary to fit it for any particular use. 

A. S. Hopkins ' pmcticiiifi; the IR.irton process, usos ;i s])(^cial reflux 
cotulonsor, which utiliz(‘s Ihc' hitcnt hcait of (‘ondensation and also 
th(‘ spccilic. heal of the vapors, to ])reheat fresh oil for th(‘ still, dfliis 
is said to greatly assist, also, in controlling the f!;ravity of the lijiht oils 
produced. It is set forth that in order to obtain a niaxiniuin yield of 
th(' desired distillate in carryinc; out the Rurton jtroeess, it is iinf)ortant 
to make a separation of the vapors leaving the still, immediately con- 
densing and returning; to tlu' still for furth(‘r triad nuuii any fraidions of 
higher boiling point. The separation is soimdimi'S etfecti'd by an air 
c.ond(ms('r in the form of a ndatively larg(‘ upwardly inclining vapor 
conduit known as a (h'phk'gmator or run-back, which is surmoiuitcMl 
by a condimser ])ro]ier.- This consists of a numb(‘r of exposed pii)es so 
arranged as to drain into th(‘ run-ba(‘k. From th(‘ upp(‘r mid of this last 
condenser th('. vapors which have escaped condensation pass to tlu' 
water cook'd coils which drain into a ri'cc'iver for tlu' distillate'. I h(^ 
use of this apparatus entails a consiek'ndfle heat loss, the' heat units 

1 U. S. Piitcnts 1,199,408 iind 1,199,104, Sopt. 20, 1910; Chem. Abs. 1910, 
2984. 
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given uj) in condensing the heavier vapor fractions b('ing dissipated 
to the atinosplu‘r(^, jind changes of atmospheric conditions modify the 
operation of these' fmctionating condensers. 

Hopkins’ modification is essentially as follows: 

Tli(‘ li('iit units ^iv('ii uj) in corKlonsin^ the heavu'r fractions arc utilized to 
preheat a fresh suf)i)lv of stock which is to be fed to tlie still for treatment. The 
fractionation of the distilled vapors is controlled ind(‘pendentlv of ^veather condi- 
tions. 

In Fiji;. 90, surmounting the fire box and combustion chainbi'r is the still A 
from the upjier side of which and in(‘lining upwardly leads the dcphlegmiitor, run- 
back, or v:ij)or outlet jiijic B at the upper end of which is located the ndlux condensi'r 
C. From the upper end of this condenser there leads a vapor outlet pipe D by 



which the vaf)(»rs are c.arried through a condensing coil B. A dram pip(‘ carries the 
(;ond(‘nsed distillate from the coil into a drum from which the contents may b(‘ drawn 
from time to time. For controlling the escap(‘ of the inconden.sablc ga.ses by which 
the desired pressure is maintained upon the still, there is a valved escape ])ipe tapi)ed 
into the ui^per portion of the receiver. The construction of the fractionating con- 
denser r is shown by Fig. 91, from which it will be seen that this is a vertically 
arranged ciusing or shell F in which there are arranged transverse tube sheets G 
having tube's If expanded in it. By this construction the interior of the shell F is 
divided into three compartments, a lower compartment, which is in communica- 
tion directly with the run-back pipe, an intermediate compartment, which lies be- 
tween the tube sheets and an upper compartment, w'hich communicates with the 
lower compartment through tubes and has tapped into it the outlet pipe 1). Near 
the lower end of the intermediate compartment an oil supply pipe is tapped into it, 
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this pipe communicating with the pump or source of oil under pressure. A hand 
controlled valve and an automatic check valvi' are arrangial in the sufiply pipe 
adjaci'ut to the contlenser. Next to the ujiper cmd of the inh'rmodiate compartment 
a transh'r pipe K Ls tapped into it, this pipe loading downwardly and reentering 
the shell of the condenser at its lower end to communicat(‘ with the lower compart- 
ment. It is desirable' that a cut-oiT valve be 
locat'd m the length of the transfer pipe. 

Tlic bottom of the lowe'r compartiiK'nt is 
slightly lielow the point of ('iitiance of the 

run-back, and for tlie ])urpos(' of draining out ''Thermonaizr 

this sump tliere is a valved diain pipe M. 

A tliermonieter having its operative portion 

lying witliin the up])er compartment is ex- II 

teneU'd outwardly through a 'P-joint in the ^ 

va|)or outlet. A second thermometer may Upper 

be placed in the transfer pijie U ' ^ CompQrtmenf 

The ojicration is as follows The mixi'd M i Infermeoliafe 

vajiors rising from th(' still pass outwardlv ^ : .'■•"'CornpCfrfment 

through th(' dephlegmator Ji, which, accord- 'll 

ing to ordinary jiracticc' will b(' uninsulated 
and will, tlu'refore, serve' to some' ext ('lit as a If' ' 

fractionating condc'iiser renmving the very T 

h('avy vapors and retuining them to tlie f Oil Supply 

still 'Phis operation is not tu'ci'.ssary, how- H jP'P’Z 

('V(*r, sinc(' it is ]iossible to thoroughly insulati' I / 

lh(' run-back, depc'nding wholly upon the i / 

condi'iiser (I for th(' (h'siied effect Alter ^ = , |j ^ 

passing through the lower vapor compartirn'iit T - 

o( r/, the gas('s traverse the cooling tube's //, n-|-4| _ v' y 

transb'rrmg their heat through the walls of LJ )|^ — 'G 

th(' latter to the oil within the mterm(aliat(' I 

compartment, the higher boiling point frac- ^ 

tions being ("oiuh'iiscd and causc'd to drain Lower 

downwardly into the lower comiiartnK'nt and Compartmenf 

from the latter thioiigh the lun-back to the U 

still to be again subjected to cracking The' 91 — exchanger for 

desired fractions, howeve'r, pass through the llojikins pro(;ess. 

fractionating condcns('r m the form of a vapor 

and by the conduit D are carried to th(' mam or water cooled condenser. Hy the 
indications of the temperature as shown by the thermomi'ter, the maximum boil- 
in.r nf the vaTioT’s nassiiia mav b(' n'adily observi'd, and by manipulating the 


Upper 

ComparLmenf 

Infermechafe 

.^'-Compdrfmenf 


Oil Supply 
/Pipe 


M lower 

^ ^ Compartmenf 

Fig. 91. — Heat exchanger for 
llo])kins process. 


indications of the temperature as shown hy tlie tnermomi'iei, nic m.io.iuuu 
ing point of the vapors [lassing mav Ix' n'adily observial, and by manipulating the 
control valve V theivbv mcioasing or dia'n'asing the flow of cooling tiil into the 
i„tonno,liat,o coiiipartmont, tl.o .luality of llio ,list,llal<- formins vapor may bo 
changed at will. 


During the process of distillation, tlx; oil within the intermedintn 
conipm tnuuit gradually moves upward, and entering the upper end of 
the transfer pipe is conveyed by th(^ latter directly into the vapor 
(lower) compartment, its temperature at the time of its entry into 
this compartment ranging from 400“ to .500“ F. In this latter com- 



282 


MOTOR FUELS 


partment the lower boilinj^ point fractions of the inflowing oil are con- 
verted into vapor, tlieir siidd('n expansion having a secondary cooling 
effect on the mixed vapoi’s from the still, thereby lessening tlu' amount 
of heat to be transmitted tlirough th(‘ vapor tubes // and incri'asing 
the effi(!iency of the condiaiser. A considerable percentage of this oil 
is eonvertinl into th(^ (lesiri'd fractions within the lower compart mi'iit 
itself, while' the remainder mixed with tlu' condensate from thp tubes 
H drains back through the run-back to the still for further treatmeait. 

Tho loss of is reduced to a inimtnuio, il IxMiip: ])ossil)l(‘ to thorouj^hly 

insiilato or jacket both the run-back and the condenser t' and thc'n'by fre(' the 
apparatus entin'ly from the (‘iT(*ct of atmosi>heric chanf^es lU' obsc'rvinM: the in- 
dications of the thermoimdiT and properly rejriilatinf!; the valv(' V, it is jiossible to 
accurately control the boilinji; point of th(‘ distillate reaching the recciv(*r, and to 
counteract the etTi'ct of uneviai tirinj? under the still 'TIk' fresh stock fed into the 
oil supply pijie is so thorouuihly [ireheated durint^ its passajjje throuf^h the inter- 
mediate compartment that upon entennj^ the vapor compartment all of the desired 
lighter fraetions which it may contain an* vai)on/(‘d arul there is reason to behove, 
that a certain limited amount of cracking takes place within this chamber also. 
Since all of the oil fc'd m bv the oil supply pipe is in elTect added to the charge 
of the still, it will be seen that the capacity of the latt(*r is incn'ased to this e\t(‘nt, 
and sinc'e tht* (piantity of fuel n'cpiired and the time for completing a run of the still 
does not increase proport ionatelv, it may be said that the apparatus is not only 
of greater capacity but has a higher ellici(*ncy. 

E. M. Clark ‘ connects the vapor lines and tdso the distilhde dis- 
charge lines of several Burton stills ‘‘ in mulliph',’’ that is, by means of 
headers common to tdl the stills. The r(*sult is tliat when a fr(*sh still 
has been brought to a vapor ti'mperature of about 250° F. (121° (\), 
the pressure obtaining in the other stills conn(‘ct(‘d to the same head(*r 
as the fresh still may lx* imiiH'diately applic'd to the fresh still. This 
prevents distillation, in the lattc'r, of vajiors at a relativ(*ly Ioav pri'ssure 
(as would otherwise be the case) and tends toward keeping at a mini- 
mum the amount of low grade distillate produced.^ 

It is stated that in distilling n'sidiie of j)etrol(‘um distillation, such as gas oil 
or fuel oil, at atmospheric pre.ssure, vtiporization begins at. a temi>erature of about 
250° F. (121° (k) and all w ill distill over at a temperature uy)W'ard of 050° F. (545° (\). 
In distilling this residiu! under a pressure upw'ard of three atmospheres jiroduc- 
ing a range of temperature of about (>50° F. to S50° F. (545° 455° (■ ) a (piantitv 
of fixed gas amounting to about 2 ])er cent of the stock charg(*d into the still is 
produced. X battery of stills (usually ten or more) is used. Each still is provid(*d 

1 J. S. C. I. 1010, 54; 1915, 510,415; U. S. Patent 1,152,105, March 10, 1015; 
Chem. Abs. 1010, 1020; U. S. Patent 1,120,054, 1015; British Patent 1220, Jan. 
20, 1015. 

2 See also Chem. Abs 1010, 17H0; Swiss Patent 72,720, July 1, 1010 (Standard 
Oil Co.); Danish Patent 21, OSS, Mar. 3, 1010. Addition to Danish Patent 10,216. 
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with its own condonser and with separate eipiipiniait involving; a drum for receiv- 
in'? the products of th(> condenser and separating? tlu‘ water and Ka« 
densed distillate, and a iiK'ti'r tor measuring this distillate in its course to storage. 
Hoth the gas and distillate discharge lines are (‘(piijiped with valves for controlling 
the rate of discharge. Whim a. still in tlie l)attery is freshly charged and tired, the 
v'^alves m these discharge lines are closed. Vs the tiring of the still is continued 
and the temperatun' of its contents rises to about 2.)(U 1' . (121° U.) water and pe- 
troleum vapors distill over through the (‘ondenser into the receiving drum. As 



92. Battery of pressure stills coniu*cted in multiple 

according to E. M ( laik. , 


the .lisUllalum |,roce,..ls Mmill c„.anl.l.os ..f .n.romlvnsed vaper or gaa collect m the 
appuralos, ami alter a (p.anl.ly of low grrnlo .hsUllate (upward of idamt 8 per 
cent of the stock ..harged) hms been produ.aal, M.m.dcnt gaa has ™1 lecte.l in he 
apparatus to eroat,- a pr,.ssuroof vapors (hrough the coudeusor. Conluu.e,! firing 
o'f'the still raises further the temperature of the contents, 
formation of gms and buikling up of ,,res.sure in the a,.paratus 

teimierature (about tint)'’ K.) (:143'’C.) and pressure (sa,y about lO to /.> lbs.) h.ue 
beZ aured; the gius in the apparatus ,s allowed to ..cape slowly through a valve 
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in its discharge line from the top of the receiving drum. Vapors will then begin 
to come lOver through the condenser, and high grade liipiefied distillates will be 
produced and be discharged from the receiving drum through the meter into 
storage. Since this (hstillation process is necessarily slow, the formation of gas 
is very gradual. Production of the high grade distillate Is dependent on constant, 
pressure on the apparatus. A slight drop in pre.ssure causes th(' vapors to come 
over more freely and produces low grade distillate*, and, conversely, even a shglit 
increase in pressure entirely stops the flow of vapois with resultant danger to 
the apparatus. It is desirable to have a process for eontrolling the disc,harge of 
gas and licpiefied distillate* so that a minimum amount of the latter of low graele 
and a maximum amount of high graele shall be jiroduced. 

A method of safeguareling the apparatus uscel is also very nee-essary by prevent- 
ing any extraordinary cxe-ess of pre'ssure, and also te) so apply a gas pressure of about 
70 to 75 lbs., from stills in the batte‘ry that are running, to the contents of a still when 
freshly charged as to prevent ehstillation e^f the contents of the fresh still before 
the desired temperature has been attained 

In Fig. 02 four stills, denoted respectively A, 71, C and J), are indicati'd 
These stills communicate with a stack common to all, for carrying off products of 
combustion from the furnaces under tlu* stills. A vaiior pipe E leads from the 
top of (Mich still to the upper end of the wat<‘r ci^ided coil of a s(*parate condenser 
F, and from the bottom of each coil leaiL, through tlu* inner wall of a liousmg, of 
which the side walls arc shown, a pipe (! for conducting the products of tlu* con- 
denser, composed of licpiefied distillat(‘s and the light, gas(M)us products of distil- 
lation which have not yielded to the action of the condens(‘r, into a s(‘parate drum 
// at the top of the latt(*r. From the bottom of each drum KmuLs a pipe* J (‘ontain- 
ing a meter K for measuring the luiuefied distillate and having two valved branclu's 
These line's discharge, rc'.spectively, into header-pipes M and M' clos(*d at one I'lid 
and containing similiir shut-off valves N and A' resjiectively. d'he header-pipe's 
discharge to storage tanks. lOach drum discharges gas from its u})|)er end through 
a pipe 0 having two valved branches and leading, respect ivc'ly, into lieader-piiies 
F and P', which are closed at one end and contain similar shut-ofT valve.s Q ane^l Q' 
respectively. These pipe's also lead to storage*-tanks (not shown). 

Suppose that three of the stills, namely A, B, and are running at the 
cracking temperature of upward of 050° F. (343° (’ ) and under a pressure of 
about 70 to 75 lbs. of the gases on the conlents of the stills. The gases are dis- 
charging into the header-jiipe P' and are' being held back by the jiartly closed 
valve Q' in the latter to produe'o the reepiired pre.ssure of 70 to 75 lbs m that 
header-pipe and throughout the apiiaratus of the running stills. High-grade' 
liquefied distillate is being discharged from the bottoms of the three respective con- 
densers through the meters into the header-pipe N and through its })artly open 
valve N' to storage. The rate of this discharge is regulated by the valve* A' m 
the header-^iipe N to maintain the required pressure throughout the aiiparatus and 
discharge the distillate as it is produced. The three stills thus running are all sub- 
ject to the same* pre'ssure. These stills, being connected by the header-pipe's P' 
and N, give a sufficient volume of gas and liquid elisfillate to make the rate* of 
their discharge easily controllable by the valves and N', 

Suppose that the fourth still B has just been freshly charg;ed tind fired. 
The still D is closed to the 70 to 7o lbs. pressure maintaineMl in the 
header-pipes N and P', and is open only to the header-pipe P which 
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conducts the gases to storage, or to the furnaces. The firing of this 
still is continued with resultant I'ise of temperature of its contents. At 
about 212° E. (100° C\) the watery portions of the charge arc driven 
over. When the water has all been driven off, which is indicated iiy 
the t(‘inp(a‘ature of the contcaits of the still B, the oil portion will begin 
to distill over at about 250° F. (121° C.). To stop this distillation and 
the respltant production of low grade distillate, the gas from the three 
other stills, that arc running under a pressure of 70 to 75 lbs. in the 
header-pipe is allowed to (‘xert its back pressun^ upon the contents of 
still D to stop the How of vapoi*s from the latter. In this way the pres- 
sur<' upon the contents of the freshly charged still is raised to that upon 
the stills A, BiindC, 

, ''I'hc iiriiiK of still I) is continuod until the temporaturn of its c'ontents is 
raised to upward of UoU"* F. C ) wIkmi that still will bej^in to drive over its 

ji:as(‘s through the eondi'user, into tlu; header-pipe I*', and the production of high 
gradi' liejuetied distillate will begin. The high grade distillate produced is dischargi'd 
into the hi'ader-piiie, N in c()njUiiction with that produced from the other running 
stills. The four stills an^ now running in conjunction, all subject to the same con- 
trol and the same pressure influences The sudden geniTation of excessive or 
daiigi'rous pressun' in one still is ])revenled bv the connection of all through the 
hi‘ader-pi])es and open valves. Suppose also that a still, sav A, has completed its 
run and is ready to be draw'n off, cleaned and freshlv charged. Its furnace lire 
is drawn, and it is shut olT from the 70 to 75 lbs. pressure m the headi'r-pipi's P' 
and .V and Irom th(‘ influence of the stills H, U and />. As soon as the gas that 
was held under 70 to 75 lbs. pressure in the eipiipment belonging to si ill .1 has 
been discharged, the tar or residual contents of I lie si ill are drawn off, and it is 
made ri'adv lo cU'an and rcci'ive a fr(*sh charge. Each still in a battery is handled 
in I his way after completing its run. 



CHAPTER XI 

CRACKING UNDER PRESSURE — Continued 
Coast^s Processes 

The use of stciini in erackin.u; hydrocarbons to inak(' p:asoline has 
been the basis of a considerable amount of investioation in the past 
and a large number of petroleum technologists hav(‘ i('conimend(Hl its 
use. A great many others have maint aim'd that it poss('ss('s no advan- 
tage's. Permanent gases and some vapors have also l)e('n applied 1o a 
considerable extent in nu'thods for decomposing oils to make naphthas 
and burning oils, the idea probably being, in some' cases at least, to 
effect a chemical “ fixation ’’ of tlu'se' gase's by the unsalurated hydro- 
carbons resulting from the heat decomposition of relati\('ly heavy oils. 

Coast employs, in this connection, both steam and gas. for example, 
natural gas. He tln'iefore (k'als in one of his methods with the systc'in 
“ heavy oil vapor - water vapor — natural gas ” and he manipulales 
this system in at least two diffen'iit types of apparatus, fiist, prc'ssure 
stills, and secondly, in tubes under pressui’c. 

A rather unusual method is used to eftect sepai’ation of light and 
heavy vapors in the dephlegmators, viz., direct cooling by means of 
steam, in some cases and, in others, fresh oil. In the case of the ])res- 
sure stills a special wat('r cooled device is used to piolong the life of 
the still bottom. In a type of pressure still used by Coast, a reflux 
air cooled condenser is in fn'c communication with the still but the 
light distillate is condensed at oi-dinary [)ressm('s. 

Devices for Protecting the Bottom of the Still 

In Coast’s process ’ a water cooled jacket is used to prevent the still 
bottom frem becoming overheated. 

In iisiitil prartico when hijrli boiling point potroloum hydrocarbons are cracked 
in the ordinary cylindrical still, he.avy coke forming fractions settle on the still 
bottom. The resultant coke or carbon is a good heat insulator; it prevents the 
free transmission of heat from the still bottom to the liquid, and it usually ac- 
cumulates in a pile at some point directly above the fire. When a sufficient 
quantity of this coke has accumulated, a portion of the bottom of the still soon 

1 U. S. Patents 1,252,999 and 1,253,000, Jan S, 1918. 
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hecoiiio.s red liot, and some iriiiiiodiate steps must then be taken to avoid a rupture 
at the overheated portion of the still. In actual jiraetice, the still is usially per- 
mitted to cool and the coke or carbon is then removed. This procedure results in 
a loss of fuel due to the cooling and reheating of the still, the operating e.xpenses 
are otherwise increased, and tlie average yield jicr hour is decreased. 

(Jnast ])i opuses to eliminate the danger by protecting the overheated portions of 
the still, tlK'H'by increasing the life of the still and permitting it to be operated 
continuously for a considerable period of time without removing the coke or 
carbon. • 

In Fig. 93, A' is a diagrammatical view of a cracking apparatus, showing a 
sliK'Id. B' is a horizontal section, showing th(‘ heating chamber and the shii'ld 
mounted. C' is an enlarged horizontal section, showing the interior of the shield. 



A large cylindrical craching still // is arranged abov(‘ a healing chamber, the latter 
being [irovidi'd with a grate 'rh(‘ vajior ])assing Irom the still flows through an 
inclined vajiur pipe, then (hrough an air cooled rellux conden.sc'r h to a vapor pipe 
leading to a main condenser c, from which the product is recovered. The con- 
(h'lisi'r is a coil arrangi'd in a water lank. 

Tlu' apiiaralus is for iis(> in cracking high boiling |)oint products of distillation. 
The heavy di^tillale or residue is introduced mio the still, and tlu* d(‘sired pressure 
1)1)1 lini'd by regulating a valve d locati'd m the vapor pipe The pressure in the 
still and reflux condi'user is gfe:iter than 50 pounds p(*r square inch, and the tem- 
pi'rature of the contents of the still ranges from about OOtU F. to SOfU F. The low 
boiling point fractions pa.ssing from the liipiid How through the vapor pipe and re- 
flux condimser h to fhe mam condenser c. The relatively high boiling [xiint frac- 
tions are condensed in the inclimal vapor pi])e, or in tin* conden.ser 5, such fractions 
being returmal to the still through the inclined vapor pi|)e. This reflux condensate 
includes a large [lercentagc of heavy, coke forming fractions, mixed with lighter 
fractions which may be redistilled to form part of the low boiling point product. 
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A shield c, located in a pocket in the front wall of the heating chamber, is 
mounted on a horizontal guide consisting of a pair of pipe^ / and (j connected by 
a shorten pipe h at the front of the still. The pipes / and g, located betwetai tla^ 
bottom of the still and the lire, are arranged longitudinally. An overflow jnpe /' 
leads from the condenser to the pipe /, the water passing from the condenser being 
circulated through the pipes / and g. The shield c is a hollow fire proof structure, 
made of metal and provided with baffles k forming pa.ssagewa3's for watc'r, which 
Hows through the shield, and then through a discharge pipe. Sleeves forming 
part of the shield are loosely fitted to the pipes / and g. 

When the still is in service, coke forming fractions settle on the bottom of tlie 
still, and at some point a relatively large body of the coke or carbon will accumu- 
late, as indicated by the dotted lines A in Fig. 9:1. A portion of the still botXom 
will then be overheated and become red at a point below the coke or carbon. At 
this time, tlic operator interpo.ses the shield between the red portion of the still 
and the heating medium, thereby interce[)ting the heat so as to protect the (oke- 
covered portion of the still, lly protecting the still in this manner, the danger 
usually due to overheating can be overcome, without cooling the entiri' still and 
without removing the coke or carbon. The temperature of tlu* contents of the 
still is not materially changed, and the cracking operation is said not, to be affectial. 

Another device used by Coast ‘ to overcome the difficulty arising 
from the deposition of coke during cracking is circulation of the oil 
from one cracking still to another similar one tlirough a trap in which 
is deposited the coke forming substances. These are then drawn off 
from th(‘ trap. 

The object is to remove the coke forming fractions by causing the lupiid to 
overflow from the bottom of one still, throiigli a coke traji and 
then into another still. Tlie oil to be cracked is forced through 
a pipe into a still from which it overflows and circulates into 
the other stills. The different, stills are connected together in 
.seriivs. .\n overflow leads from the lower portion of the still to 
th(* lower portion of a trap, and th(‘ upper jiortion of the lattti’ 
is connected to the .second still. Th(‘ luvivy coke forming frac- 
tions accumulate at the liottom of the coke traji, and the lighter 
liipiid overflows from the upper portion of the trap and (irciilates 
into the second still. A large jiercentage of the heavy, coke 
forming substance is thus conducted to the trap, w'here it will 
not in any way injure or affeel the cracking apiiaralus. The 
Fig. 94. — Form coke, or tarry, coke forming substanc(‘, may be removed from 
of coke tray) yiro- the trap by opening a valve. Figure 94 shows a cro.ss section 
posed by Uoast. of a coke trap. 

Coast’s ^ apparatus for continuously scraping carbon from pri'ssurc 
cracking stills is shown in Fig. 95 which is a vortical sectional view 
of a still equipped with the device. Scrapers are attached to a longi- 
tudinally-moving endless chain C. This is actuated by a gear and 

’ J. S. C. I. 1919, 24r)A; U. 8. Patent 1,291,414, Jan. 14, 1919. 

2 Chem. Abs. 1919, 2276; U. S. Patent 1,;107,724, June 24, 1919. 
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worm. The worm shaft extends through a stuffing box in one of the 
ends of the shell. • 

A fused bath of lead is used by Coast ^ in a horizontal pressure 
still, in order to crack heavy distillates or residues. Molten lead is 



maini aim'd in the bottom of the still. The oil to b(‘ distilled floats 
upon th(' surface of the molten lead A, Fig. 96, and the heavy coke- 
forming fractions which drop by gravity to the bottom of the oil also 



float upon the lead. The molten lead thus prevents the coke-fbrming 
substance from reaching tbe hot still bottom. The heat is transmitted 
from the still bottom through the molten lead to tla^ floating oil. 

Tlio coke is not a good conductor of heat, and it is, therefore, circulated along 
the surface of the lead to points directly above the walls R, where it will not in- 
terfere with the transmission of heat from the heating chamber to the oil. The 


^ U. S. Patents 1,258,100, and 1,258,101, March 5, 1018. 
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coke is skimmed from tlie surface of the lead by a skimmer C fitted to a rotary 
feed SQrevv D which extends through a stulling box at one end of the still. This 
feed screw is reversible, so that it may be actuated to reciprocate the skimmer 
from one end portion of the still to the other. Stationary rods prevent the skim- 
mer from turning on the feed screw, d’he lower portion of the skimmer extends 
entirely across the lower portion of the still, and it also extends into the molten 
lead. 

Coast ‘ utilizes the heat in the hot (‘xit gast's from a tube cracking 
operation to decompose fresh portions of untreattnl oil. Oil moving at 
a high velocity is subjected to considt'rable heat and the rt'sultant 
vapors forced into a suitplenuuilal cracking chamber. Th(^ temptTature 
of the vapors in the supplenumtal cracking chamber is sufficiently high 



Fig. 97. — Combination of heat exchanger and condenser, in series with a pipe 
still, according to Coast. 


to accomplish cracking and oil in a relatively cool state is introduced 
into these hot vapors. The result is that the relatively cool liquid, 
mixing with the hot vapors, causi'S tlu' vaporized fractions of high 
boiling point to condense, thus tcuiding to insui'c a product of relatively 
low boiling point. The intiaise luait of the vapors is utilized to crack 
the liquid oil introduc(‘d into th(‘ siipjilemental cracking chamb(‘r. 
Owing to the vidocity of the vapois through th(‘ cracking tubes, all or 
almost all of the coke or carbon is forccvl into the suppkunental crack- 
ing chifmber and is there acted upon by the comparatively (‘ool licjuid 
which condenses the heaviei* hydrocarbons. (See Fig. 97.) 

A roil of pipe A is arrang('d in a heating rhamber H. The roil ronsists of 
400 feet of two-inrh })ipe. A vapor pijie leads from the roil A to the side of a 
supplemental cracking rhamber C. Another vapor pipe PJ leads from the top 
of the supplemental rrarking rhamber to a rondimser. A valve in this vai)or 

1 J. S. C. I. 1918, 144; U. S. Patent 1,252,401, January 8, 191S. 
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pipe is regulatc'd to maintain prossiiro in tlio supplemental eraekinp; chamber C 
and coil A. An outlet attached to the louer end of the supplemental crtieking 
chamber leads to a receptacle interposed between valves. These valves may be 
manijiulated independently of each otluT to discharge substances from the bot- 
tom of the chamber t' without reducing the pressure m it. 

A sjDray is arranged within the suiiplemental cracking chamber as shown 
at D. This spray lies above the jilane of the vapor inlet and is connected to a 
supply pipe provided with a n^gulating valve. Oil is forced through the spray 
device. • 

d’hc metliod is more [larlicularly adapti'd to crack iiK'xpimsive heavy hydro- 
carbons having a boiling iioint of about R. to SOO'" F. (177°-427'^ (A), the best 
re.sults being obtained from hydrocarbons having a boiling point ranging from 
IfiO'M'' to 700'’ F (232’ ;t7l'’ ( - ) The substance to be treated in the cracking 
coil A is mixed with steam and natural gas, th(3 mixture being pumped into the 
lower end of the coil. The cracking coil .1 is subjected to from <S00° F. to 1500° F. 
(427° (Slt)°F). The velocity of the fluid moving through the cracking coil will 
rang^ from 2()00 to (iOOO feet ])(*r minute. The valve in the vapor pipe E is regu- 
.lated to maintain pressure in the cracking coil A and supplemental cra(‘king cham- 
ber (\ This pre'ssure is betw'oen 50 and l.'iO pounds jier sepiare inch. 

R('lativ('ly high boiling oil is forced through the spray /). 4'his comparatively 
cool luiuid, in a fini'ly divided condition, is eli.scharged into the very hot vapors 
passing into T. Owing to tlu' intinsc' heat of the vapors, the* finely divided liquid 
is siibj('ct('d to a cracking opi-ration in the supplemental cracking chamber C, 
Till' action in the supplemental cracking chamber will depend primarilv upon the 
temp(*ratur(' of tin' vapors passing from the cracking coil, th(‘ dc'gree of pre.ssuri' in 
the sup])l(‘m(‘ntal chamber, the boiling points and volume of the oil discharged into 
it. Only a ri'lativi'ly small volumi' of oil can be successfully cracked in the sup- 
plemental cracking chamber. For example, the (plant ity of oil forced into the 
cracking coil may be about five' times the quantity forced into the supplemental 
chamber, 'fhe' ne'c(\ssary high temperature can be easily maintained in C for, as 
pre'viously indicati'd, the vajiors pa.ssing from the cracking coil are very hot, be- 
tw('('n <S00° F. and 15()()" F. (°427 Sl()'’('), and these vapors are discharged at a 
high ve’locity into the supplemental cracking chamber 

The te'm[)(’ral lire of the va])ors in F is re'due'e'd by cool oil passing from the 
spray 1), and as a conseejuence the' vaj^orized fractions having relatively high boil- 
ing iioints condense and fall to the bottom of tlu' supple'ine'ntal cra(;king chamber, 
instead of passing to the conde'nse'r Idie approximate boiling point and specific 
gravity of the product mav be' controlled by re'gulatuig the valve to govern the 
flow^ of the compar.alively cool oil through the spray /), thus regulating the tem- 
perature of the contents of C. A product having a desirable low' boiling point will, 
it IS c’aimed, flow constantly from the condenser, the high boiling fractions being 
condensed in C. 

Owing to the high velocity of the fluid passing threjugh the coil A, almost all 
of the carbon or cejke will be eairrie'd into the sui)j)lemental cracking chamber C, 
and will fall to the bottom of it. Another method of procedure consists in mixing 
natural gas with oil and subjecting the mixture to a pres.sure and temperature suf- 
ficiently high to crack the hydrocarbon in the presence of the other elements of 
the mixture, (kiast says that steam and natural gas u.sed wdth the oil increases 
the yield and a much sw'cete'r and better product, having a more desirable initial 
boiling point, is obtained. This seems to indicate that only a very small percent- 
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age of the oil is converted into a fixed gas, or that portions of the natural gas are 
absorhfed by the oil by the action of steam and heat. 

In another method for economizing heat, Coast ^ cracks oil in a still 
under about 85 lbs. pressure per sq. in. Before entering the still the 
oil passes through a tank in which vapors from the still are bubbled 
through the oil layer. Condensed heavier vapors collect in the pre- 
heating tank and ai‘e returned to the still through an overflow pipe 
together with fresh oil. Lighter vapors pass up to a reflux condenser 
and then through a pressure-regulating valve to a main condenser where 
the lighter vapors are liquefied. 

The Use of Natural Gas, Steam and Petroleum Vapors, under 
Pressure 

Cosden and Coast ^ crack oils boiling from 450° F. to 750° F. (232°- 
399° C.) by means of a ndort (li(iuid-vapor phase) and supplenumtal 
vapor retorts. Natural gas and steam are used. Condensation is 
partly elTected by means of cold oil injected into the secondary cracker, 
so as to utilize, for cracking purposes, a portion of the heat in the 
vapors from the retort. 

The hot vapors resulting from one cracking operation are utilized 
to heat and crack another oil. To accomjdish this, the vapors flowing 
from a primary cracking chamlKu* are supeihcatc'd and introduced 
into a supplemental cracking chamber, and finely divided oil is then 
forced into the superheat('d vapors. The injected oil is cracked and, 
being relatively cool, also serves as a primary corukaiser for the pre- 
viously vaporized high boiling hydrocarbons. Tlu' high boiling con- 
densate resulting from this operation is conducted back to th(' primary 
cracking chamber. By introducing natural gas into the hot vapors 
passing from the primary cracking chamber the yield and tpiality of 
the gasoline produced is said to be inci’oased. The natural gas is heated 
to a high temperature, about 900° F. (482° C.), and then forced into 
the hot vapors, sui)erheating them to such a degree that the hot vapor 
may be used as th(‘ heating medium for the S('Cond cracking operation. 
The natural gas is forced into the hot vapors at a point where the vapors 
rre cok fined under a high pressure, greater than 50 pounds per square 
inch, and the hot gas is stated to be ^^abs()rbc(^^ by (he hot petroleum 
hydrocarbon vapors so as to increase the yield. Before reaching the 
main condenser, the hot mixture is conducted, under pressure, through 
a steam chamber where it is mixed with a spray of relatively cool steam. 

1 Chem. Abs. 1920, 1436; IJ. S. Patent 1,333,964, Mar. 16, 1920. 

2 J. S. C. I., 1918, 40r)A; Chem. Abs., 1918, 1597; U. S. Patents 1,261,215, 
Apr. 2, 1918; 1,258,196, Mar. 5, 1918. 
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This causes some of the higli boiling hydrocarbons to condense, and the 
prop('rties of the product arc believed to be improved by the* action 
of the st('ain It appears, according to the investigators, that some of 
the constituents of the steam unite with the hydrocarbons so as to 
form part of the low boiling product. The steam is also said to obviate 
a larg(‘ perc('ntage of tlu^ carbon that is usually removed by treating 
the product with sulphuric acid. 

A retort .1 (Fig 98) is arrarigi'd over a heating ehamber. A vapor pipe B 
leads Iroin the retort to a supplemental eraeking ehamber (\ A vapor pipe I) 
coimeets the upper i)ortion of the supplemental eraeking ehamber to the steam 


Steam Chamber:^ (1) 



Fig. 98, — Diagram showing method of eraeking oil in the presence of 
steam and natural gas, aeeordmg to ('osden and Coast. 


chambers E. A vapor pipe F leads from the upper portion of the seeond steam 
chamber to a main condenser ii. A nozzle K arranged in the upi)er portion of the 
supplemental cracking chamber discharges a finely divided luiuid hydrocarbon into 
the hot vapors. A pump L forces a high boiling hvdroearbon liquiil to the nozzle 
K. Natural gas passing from a gas compressor M is forced through a superheater 
and then into the insulated vapor pipe B. The condensate forming in the supple- 
mentary cracking or steam chambers may be returned to the main cracking chamber 
A or it may be conducted to a cooling coil A. 

A pressure regulating valve F in the vapor pipe F may be adjusted to main- 
tain any desired pressure* in the steam chambers, supplemental cracking chamber 
and main cracking chamber. A regulating valve F' is also adjusted to maintain 
the desired pressure when the condensate flows to the coil N. 
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The method may he used, it is stated, in eraeking various high boiling hydro- 
carbon products resulting from tli(‘ distillation of erud(‘ petroleum, and in cracking 
a variety of heavy hydrocarbons having a boiling point of about 4o0‘' F. to 700° F. 
(232°-;571° The substances to be treated are introduced into the main crack- 
ing chamber, and the valve P located beyond the steam chambers is adjusted to 
maintain the desired high pressure in the steam chambers and cracking cliambers. 
This pressure is about 75 to SO pounds per sipiare inch, 

Tlie vapors flowing in the vapor pip(‘ are superheated by the natural gas 
flowing from the heater S and the hot mixture is then conducted into the supplc- 



Fig. 99. — Pressure still, with reflux condensiTs, showing use of “toj)” steam. 

mental cracking chamber. The natural gas under pressure and at a high temjx'ra- 
ture, about 900° F. (482° (b), mixes with the confined vapors, so as to increas(‘ the 
yield, at the same time increasing the temperature of the vapors to such a degree 
(for example 800° F. (427° (b)) that the mixture serves as a heating medium for 
cracking the high boiling hydrocarbon oil [)a.ssmg from the nozy.le in the supple- 
mental cracking chamber. The finely divided oil discharged into this chamber 
is a high boiling product. It .should be in a liciuid state and at about the 
temperatutl^ of the atmosphere. This high boiling fluid is vaporized and cracked 
while confined under pressure in the sup|)leinental cracking chamber, and it also 
serves for condensing previously vaporized high boiling fractions. The elimination 
of coke or carbon by the action of the relatively cool liquid in the sup{)lemental 
cracking chamber is stated to be accomplished. A large percentage of the carbon 
or coke carried by the vapors drops into a trap fonned at the bottom of the sup- 
plemental cracking chamber, and the high boiling condensate overflowing into the 
discharge pipe T is conducted back to the primary cracking chamber A. 
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The Use of “Open” Steam for Separating Heavy from Light Hy- 
drocarbons. — Uetrolouin hydrocarbons of high boiling point, ac<?ording 
to Coast,' (‘.g., oils boiling 230*^ 870° C. (446^ -698° F.) are vapoi-iz(‘d and 
cracked under a pressure' of 501 50 pounds per square inch and steam of 
a somewhat lower tc'mperature than the 


hydrocarbon vai)ors is introduced into the 
latt(‘r above the liepiid level in the retort. 
This treatiiK'iit causes the vapors of hydro- 
carbons of relativ(‘ly high boiling point to 
condenses and return for further cracking 
treatme'iit while the lighte'r hydrocarbon 
vapors are led off and condensenl. The 
main condenser is opcaated under ai)out 
atiliosplu'ric pressure and the retort, air- 
cool(‘d condenser and steam chamber arc 
maint aim'd under a pressuri; of about 80 
pounds. Fig. 99 shows tlu; apparatus usc'd. 

Other Methods of protecting Still 
Bottoms. In Fig. 100 is shown an elabo- 
ration of Coast’s method for protecting 



Fig. 101. — Still providod with 
false bottom. 


still bottoms by means of fused lead. In this particular process’’ lead 


is constantly circulated from the lowest portion of the still and brought 



Fig. 100. llse of fused lead on bottom of pressure still, with means for 
eirculatiug the lead, according to Coast. 


inlo contact with the upper strata of oil by means of the distributing 
device A, Figs. 100 and 101. 

Another and radically- different method of preventing the formation 
of hard carbon deposits on the bottom of cracking stills’'' consists in 
th(' maintaining of a false bottom and causing oil to circulate rapidly 

' Chem. Abs. 1918, 531; U. S. Patents 1,250,798, 1,250,799, and 1,250,800, 
Dec. 18, 1917. 

2 U. S. Patent 1,345,131, .June 29, 1920. 

" U. 8. Patent 1,345,133, June 29, 1920. 
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between the still bottom proper and the false bottom by means of 
blasts 'of gas. In Fig. 101 is shown the false bottom and delivery 
pipes for admitting gas under pressure to the space between the bottom 
of the still and the false bottom. The gas used may be refinery still 
gases produced in cracking.^ 

1 See also U. S. Patent 1,. 345, 132, June 29, 1920. 



(CHAPTER XII 

CRACKING HEAVY OILS IN THE LIQUID STATE OR PHASE 
Liquid Phase High Pressure Methods 

Tube and Retort Cracking. Liquid Phase. — This chapter dea-is 
with those processes in wliich tubes or retorts play an essential part. 
Th(‘ strictly liquid phase processes are not nuniei-ous. The range of 
teniperatun's necessary for cracking hydrocarbons, in general, are above 
fhe critical temperature' of many light hydrocarbons, such as those 
found in naphtha, solvent oils, and illuminating oils. It is possible, as 
in th(' proce'sses of Te^stelin and Renard, Fenchelle and Perkin and 
other methods to maintain such a high (‘xternally applied pressure that 
th(' tendency ot the lighter oils to volatilize is overcome, but the pres- 
sure's ne^cessary are' ve'iy high, 40-00 atinos])h('res, for example. The 
proce'sses ceinsidereel here incluele' therefeire those^ where it is thought 
the' ci'acking in tlie liejuiel phase is at le'ast as vital or noteworthy a part 
of the pi‘e)cess as tlie decompeisitions in the vapor phase. 

It will be note'el that even though the cracking teinpe'ratures are 
ahem' the ranges of critical teinperatuiTS of many of the lighter hydro- 
carbems, neverthe'le'ss, the vapor pressure of these substances (e.g., pen- 
tane, he'xane, hexylene, etc.) is very much lowereel by the fact that 
the'y arc in se)lution in a fairly large body of heavy hydrocarbon oil. 
With sufficient pressure, therefore, it is possible to maintain a liquid 
phase ill decomposing heavy oils even though the temperatures em- 
ployed ar(' above the critical tiauperatures of some of the hydrocarbons 
produced by (h'composition. 

The cnu;king of petroleum in the liquid phase is discussed by R. 
Cross, ^ who n'commends applying heat to the petroleum in the liquid 
phase, maintaining a pressure of about 30 atmospheres and a temper- 
ature of not more than 400° C. (752° F.). The advantages of this 
method over cracking in the vapor phase are stated to be (1) greater 
yield and better quality of the product; (2) selective action on the 
heavy hydrocarbons; (3) the gasoline is removed from the reaction 
zone as fast as it is foimed; (4) high heat economy; (5) carbon is de- 
posited in the suspended condition and not on the walls of the tubes; 

1 J. S. C. 1. 1917, 860; Met. and Chem. Eng. 1917, 643-645. 
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(6) high oil capacity with small plant; (7) perfect temperature con- 
trol; (8) rapid and complete absorption of heat from th(‘ furnace, and 
(9) convenient continuous or intermittcait working of tlu' process. 
The only serious disadvantage is th(‘ high pn'ssure retiuirc'd with pos- 
sible danger of explosive d(\struction of the apparatus. 

Testelin and Renard ’ describe a process which is an (‘xcc'llent 
example of a clearly cut oiK'-phase tub('-cracking nudhod. Figure 102 
shows a diagrammatic view of the apparatus. Tlu^ outstanding features 

of the ap])ai'atus are the coils 
PJ and P\ Th(‘y are prac- 
tically identical and are con- 
structed of very thick-walh'd 
steel tubing. For example, 
they may b(' 10 mm. inter- 
nal, 20 mm. external, diam- 
eter, with a total length of 
ten met(‘rs. Such an aiTange- 
ment pn'sents a large heating 
surface per unit volume of 
confined liciuid. Tlu' inv('sti- 
gators state that this j’atio in 
their d(‘sciibed apparatus is 
r('presenl(‘d by one square 
meter for each 1177 cubic centim(‘t(‘rs voIuiih^ of conliiu'd licpiid. C\hl pj 
is immersed in a bath of fused kvid, when^as the li(|uid sui'rounding P' 
is water. In other words, PJ is the remdion chamb(‘r and F the con- 
denser. A is a force [lump, H a recoil modifier, C an air chambc'r, 
and G a pressure reducing valv(;. 

The proc('ss is carried out as follows: the pump A is set in motion 





Fig. 102. — Testelin and Penard’s liquid state 
eraeking ttu'tliod. 


and the valve G vented in ord(‘r to fill the apparatus with petroleum 
and drive out all air. The valv(‘ G is tlum adjust(‘d, so that tlu' pr(‘ssur(‘ 
gage D indicates about forty atmospheres (fiOO pounds pc'r square 
inch). The temperature of the lead bath is then biought to 400° 
450° Ck (752°-842° F.) and oil continuously forc(‘d tlirough the ap- 
paratus. ^The pump A and the valve (t (‘onstantly maintain the oil 
at pressures in excess of the va[)()r pressure of the eonstituents of the 
oil, so that there is no vapor, as such, produced in th(‘ coils. It is not 
stated that any gummy or carbonaceous matter is formed in the coils. 
It is, however, pointed out that petroleum treated by this process, if 
allowed to stand several weeks, deposits a heavy tarry or resinous mass; 
that the density of the supernatant- liquid simultaneously decreases 
^ German Patent 226,958, May 13, 1909. 
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coin^sponding to the (.k'grec of its claritication; and that this upper 
lay('r finally becomes (piitc clear. 

‘ See also British Patent 3413, Feb. 10, 1013. 

Fenchelle and Perkin convert heavy hydrocarbons into lighter 
products by heating them in the liquid state to 500°~()()0° C. (932°- 
1112°F.) imd('r a piavssurc of 50-60 atmosjdieres. The liquid, still 
und(‘r pressure*, is th(‘u cooled to about 150° C. (302° F.) and allowed 
to (‘Scape; at a lower temfaaaturc into a chamber in which the lower 
hydiocarbons vapoiize; simultaneously. 

Perkin (thid ), in discussin'*; his process, states that the pressure on the oil is 
always so high that tla^ oil never n'aches its critical temperature and never there- 
fore passes into tlie form of vapor. 'I'liis feature rediice's the amount of free car- 
bon deposited. Ihit, as in otlier jirocesses, gummy dienes and tricmes are formed 
imd although they mav b(‘ removed, (» g , by sniphuric, aeid, then* may be the pos- 
siliihty of their reformation. 

Lucas (dad), refeiring to Pc'rkins’s di.scussion, st:it(‘s that he believes an 
oh'fin formt'd in the j)’'oc('ss of cracking Irom parallin oil may re'pi'atedly break 
up and n'form again liefon* it bikes its hnal form. If that were so, the rate at 
which it IS cooled after bn‘aking up tlie original oil must have a great influence on 
tin* hnal product, it. is said, lie lias found liv actual expc'rirnent that if gases arc 
allowf'd to n'liiam at a certain (,em])(‘raturo for a eonsid(*rablo period, and cooled 
slo\\lv, th(‘ products :u(; rpiite diih'n'nt in manv iTspects from those which would 
be obtained with sudden cooling; in otlier w'ords, sudd(‘n expansion after luxating 
gives, it IS stat(‘d, totallv ditferent results from those obtainable by cooling at the 
same [irt'ssure as the vapor issues from the cracking tube. 

This i)fo(;( ss of Fenchelle tmd Perkin - is carrie'd out by pumping 
heavy oil or he^avier raw mate'rial (ke'roseme, naphthalene or paraffin dis- 
tillate) through pipe's heated to 5()0°-()0()° ( \ and under a pressure of 
50 60 atmosphe're's. Thus, the prexssure* is so high that altliougli the 
tempe'rnture exe^e'eals the critical tempe'rature of some of the hydro- 
carbons produemd, neve‘rthel(*ss tlu'y remiain dissolved in the main body 
of liipiid hydrocarbons jire'sent. This is one of the few examples of a 
true* ^Mie|uid phtise* cracking process.” It is important to note that 
th('S(* invesi igators cool and partly conde'iise unde*r high pre'ssure; that 
is, the; same prexssure* that exists in the cracking tubes, less the' decrease 
due to the; reduedion of j^ire'ssurc in cooling. In Fig. 103, A is*a he^iting 
chambe'r or furnace enclosing a number of nexsts of tubes the ends of 
which are suppoided in the furnace walls and arc so connected together 
as to c.onstitute a long narrow conduit. The* tubes are arranged in 
two se'ts, /U and A‘^; one set A^ lieing of fairly large bore for preheating 

’ The “Pyrogenosis of Hydrocarbons” by Lomax, Dunstan and Thole, Journ. 
Inst. Petroleum Technologists, IDIO (3), db; Hriti.sh l^itent 6547, Mar. 14, 1914. 

2 J. S. C. 1. 1915, 415, British Patent 6547, March 14, 1914. 
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purposes^ and the other set of small bore for the actual cracking 
operation, the preheating tubes being arranged in the upper part of 
the cracking chamber so as to be heated by the hot air and gases rising 
from the lower part of the chamber where the more intensely heated 



cracking tubes A^ are arranged. A force pump (not shown) is employed 
to drive the heavy hydrocarbon oil or liciuefied solid hydrocaiUon from 
a supply tank through the preheating tul)es and through the cracking 
tubes proper at a pressure of from 50 to 60 atmospheres, the tubes 
being sufficiently strong to safely withstand this pressure. The tubes 
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are straight and open ended, the ends projecting beyond the chamber 
walls and being connected by detachable bends, so that nidividual 
tubes may be easily inspected and cleaned at any time but constitute 
a long continuous conduit when in use. Each preheating tube 
may be arranged to supi)ly a nest of, say, four cracking tubes, and the 
whole system of coniK'ctions, including the necessary valves, is such that 
a small portion of the tubular arrangement can be thrown out of action 
without interfering with the action of the remainder. 

The hot oil procetnling from the cracking chamber A at a tem- 
perature of about 500° to 000° C. (932°-1112° F.) gives up some of its 
heat to the water in a boiler B by passing through a nest or nests of 
tubes therein, a lift valve being provided on the boiler so that a constant 
steam pressure can be maintained, thus enabling the temperature to 
which the oil is cooled in the boiler to be readily maintained and regu- 
lated. If, for example, it is dc^sired to cool the oil to 150° V. (302° F.), 
the steam pressure in the boiler should be kept at about sixty pounds 
per square inch. The cracked and partially cooled oil proceeds from 
the boiler B through tubes to a chamber C at the foot of a dephlegmator 
or rectifying column CK The pressure in this chamber C is about- 
atmospheric, so that the oil, after passing through valves for main- 
taining the d(\sired pressure in all the tubular passages extending from 
the forc(; pump to this chamber is suddenly relieved of pressure, tlu^ 
result being that any occ^luded gases and all volatile constituents having 
a natui’al boiling point below the temperature of this chamber separates 
out from the unconverted or uncracked ” oil and pass out of the cham- 
ber C into the (k'phlegmator or rectifying column CK 

In order to watch the flow of the cracked and partially cooled oil into the 
separating chamber C, a window O is provided, and, in order that the sudden 
ebullition of the oil as it enters the separating chamber may not give rise to en- 
trainment, one (or more) slanting baffle plate C* is provided near the oil orifices to 
direct the oil to the bottom of the chamber. 

fl’he gases and lighter hydrocarbons spontaneously liberated from the heavier 
and uncracked oil pass up the dephlegmator or rectifying column C\ from which 
tlu'y issue at various heights and pass by way of pipes, c, cb C“, into condenser 
coils, 7), D\ from which the products of condensation, namely Jjydrocarbon 
oils of relatively low specific gravity and boiling point, are run into receiving or 
stiirage tanks. The lightest portion of the vapors, namely that traversing the 
pipe cb coil and pipe rP may not be entirely condensed, and any uncondensed 
fraction is passed into a condenser coil J*, and thence by way of a pipe J- to a 
storage tank (not shown). The heavier or imcracked liquid remaining in the sepa- 
rating chamber C at the foot of the de])hlegmator or rectifying column C is run off 
through a pipe c and passed into a still F, which is connected with a second de- 
phlegmator or rectifying column U, and the vapors a.scending this column are carried 
off at different heights or levels by way of pipes g, g\ {/b to separate condenser 
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coils //, //*, ll^y from which the condensation products are run throuj^h pipes /?h 
/i* into separate receiving or storage tanks (not shown). The lightest j)ortion of 
the vapors, namely that traversing the pipe <j- and condenser //-, may not be en- 
tirely condensed, and any uncondensed fraction leaving the condenser through the 
pipe is passed into a condenser c«>il and then to a storage tank. Any un- 
condensed gases or vapors may be led to a scrubbing and washing plant and then 
to a gasometer, and eventually used as fuel. 

In order to heat the still F, steam is passed through the piping to a coil 
F* in the still, the steam being obtained from the boiler Ji, and tlu' steam or water 
issuing from the coil being led to a steam traj). The liipiid collecting at the 
foot of the dephlegmator 6', and the residue in the still F, is drawn off into a 
cooler L and then into a tank from which it is ri'turned to the sipiply tank of 
the cracking chamber, fresh heavy oil or h(iue(ied solid hydrocarbon being added 
to this tank from time to time so as to keep the level constant and thus render the 
wdiole process a continuous one. 'Die various tubes or nests of tubes are [irovidcd 
with inlet and outh't valves and these valves are such as will resist the effi'cts of 
the high temperatures and iire.ssures to winch they may be subjected. 

A proct'ss which was apjtarontly iiit (aided to utilize lif»hl crackl'd 
or uiisaturated hydrocarlwiis as a means of “ saturating ” the heavier 
iinsaturated oils is (h'scrilK'd liy G. L. Benton.’ It is spt'cifically 
stated that the object was to avoid th(‘ production of gasolini' (or ben- 
zine, as it was then more fr(‘(pi('ntly call('d), tind to increase' the pi’oduc- 
tion of illuminating oils. TIk' oil is Imatt'd to high pivssuri's (about 
five hundred pounds) and high ti'inpt'ratuivs [(‘.g., 700° F. (571°C.)] 
and then released or ('xpaiuh'd into ti heated chamber at atmos])h('ric 
pressure, ('rude oil is used directly. 

In the chamlx'r-space / is arranged tlu' coiled ])ipe li, Fig. 104, connected at 
the rear end through the furnace wall with the oil supply, and provided at this 
end with a pres.sure gage, S. This pipe e.xtends at the front end through the 
furnace wall, and is provided with a pyrometer, F. The [lifie B is continued up 
into the vapor chamber (\ as shown, and this end of Ok* pipe B is provided 
with a rose or perforati’d cap, through which the highly heated crude oil can be 
sprayed into the chamber C. 

I’he vapor chamber C is an inclo.sed metallic vessi'l. It is tith'd into the toj) 
of the furnace and has a dished bottom, which is exposed to the lii'at of the fur- 
nace /, and it has an outlet pipe, h, leading off through the furnace to the outside. 
Underneath the top of this vapor chamber C, and abov<* the sjiray-pipe B, is a 
deflecting-hwod, m, extending out toward the sides of the chamber, but having an 
annular space betw'een the edge of the hood and I he side of the vapor chamber. 
In the top of the vapor-chamber is a piix* w’hich leads off to the manifold //, 
which is a condensing-box of the ordinarv construction, and then by pipes to tin* 
condenser D, or the vapor may pass direclly from the chamber (> to tlie condenser 
I). A stop c«)ck, (j, is arraiigi'd to be* operati'd from the outside of the vapor 
chamber, to regulate the discharge of the highly heab'd oil from the pipe B into 
the chamber C, or to confini* it to the pijie B, 


1 U. S. Patent 342,501, May 25, 1S8(' 
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Opomtioii IS conducted us follows: The stop cock (j being shut und the waste- 
pipe t, connected with the j)ipe Ji, being opened, a tire is started on tj^c grate a, 
und the crude oil is let in from the supply to the jiipe coil B and allowed to flow 
out through the waste pipe i (from whi(;h it is led back to the supply), while the 
pipe B and the chamber / attain the proper temperature. 

When th(‘ funnice has attained the proptu* temperature, the waste 
pipe i is closed and the stop cords, g Ixdng already shut the oil is thus 
confjiittd in the pip(i B under the pi‘(‘ssure of th(^ supply pump, which 
feeds the oil. The oil with which tlu' pipe B is thus filled is kept under 
this pressures until the pyrometer indicates that it has tittained a tem- 



Fig. 104. — Pressure pipe si ill according to Benton. 


])(n’ature sufficdently high to have had a “latent, vaporizing effect” upon 
the oil (this temperalurc ranges from 70(E to 1000'^ F. (371°- 538° (k)) 
wIh'ii the stop cock (j is ojx'iK'd and the released vaporized oil rushes 
out lhrv>ugh tlie rose in the end of pipe B and strikes on the under 
sid(^ of the hood ///, from which it is defied ed downward, and then 
ris('s through tlu^ annular space betwixai the hood and the wall of the 
(diainher C, and passi's into the piiie which leads din'ctly to the 
condens('r D or to the manifold //, and then by pipes to the con- 
d(‘ns('r 70, and through this condenser into a receiving tank. The 
chamber C will have become heated before the admissron of the 
vaporized oil into it, and its temperature is maintained by the furnace 
to corn'spond with that of the spray escaping into it from the coiled 
pipe B, through which the passagi' of the crude oil is now kept up con- 
tinually under the regulated pressure at su(‘h velocity to provide time 
for its required inci’eas(' of temperature while passing through the 
furnace. 
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To promote the piissage of the vapor from the chamber C to the condenser D, 
an ordma^'y air-pumj) is connected with the lower end of the coil D at d. The 
oil is raised to and maintained at a sufficiently high temperature to vaporize it as 
soon as it is released from the pressure under which it is confined in the pipe R, 
while, until so released, it is prevented by the pressure from vaporizing at all, and, 
consequently, when it is permitted to escape into the heated chamber C it bursts 
into vapor. This is deflected in the chamber C and then piusses off into the con- 
denser D, while depositing heavy products in the bottom of the chamber C. These 
are drawn off through the pipe h in the bottom of the chamber C. 

R, R. Rosenbaum ' heats liquid hydrocarbons under pressure to a 
temperature considerably above their normal boiling point and the 



Fig. 105, — Pressure pipe still provided with tar or carbon pot, according to 
A. R. Jones. 


highly heated liquid is then discharged into another chamber, where it 
is allowed to vaporize and expand to effect partial decomposition into 
lighter hydrocarbons. Petroleum oil may be directly treated by this 
method or may be subjected to a preliminary distillation and de- 
phlegmation and selected condensates then subjected to superheating 
and cracking. An increase of about 50 per cent in the yields ol 
gasoline and naphtha are asserted to be obtainable. 

A. P. Bjerregaard^ has made a study of the cracking of various 
heavy oils at high pressures and temfieratures. The pressures used 

1 Chem. Abs. 1920, 465; U. S. Patent 1,324,983, Dec. 16, 1919. 

* J. Ind. Eng. Chem. 1915, 573. 
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ranged from 275 to 1400 pounds per square inch and the temperatures 
from 350° to 440° C. (6()2°-824° F.). No aromatic hydrocarbons were 
formed. Above 400° C. (752° F.) the yield of gasoline (oils boiling 
below 150° C. (302° F.)) appeared according to Bjerregaard to rapidly 
diminish, even though the pressure was increased from 400 up to 1400 
pounds })or square inch. A tubular cracking arrangement was used. 

A. R. Jones ^ arranges a pipe still in series with a condenser coil, 
the lattey being in free communication with the pipe still. Fig. 105 shows 



th(' aiTangemcnt. A is a force pump, C the pip(' still, E the condenser, 
/' a throttle valve and G a d('phlegmator. Fig. 105 is a vertical view 
paitly in s(;etion. Attention is called to the pipe; E which is in free 
communication with a closed reservoir I). Since the feed pijx) H is of 
small diameter as compared with that of B, the flow of oil through the 
pipe^still is said to be very- slow and on this account there is a good 
opportunity for carbon formed in B to settle out and fall into the res- 
(‘rvoir D. The apparatus may be o^x^rated up to 20 atmospheies as an 
npp(‘r limit although ordinary ofieration pressure is about 100 pounds 
to the sipiare inch. 

i U. S. Putent 1, 328,522, Jan. 20, 1020. 
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H. A. Kittle * piinipf? oil tlirougli a twonty-foot length of very small 
pipe cliamet(‘r) under a constant head of pressure (iOO pounds). 

Emphasis is laid on the fact that the velocity of flow of oil is greater 
than that velocity with which a drop of the oil would S])r('ad, if dropped 
on to a hot surface, at a temperature liiglna' than the boiling point of 
(he highest boiling constituent. The apparatus is shown in Fig. 106. 
B is a compressed air chamb(‘r, A an oil reservoir, B a vessel containing 
molten metal, J) the vaporizing and cracking coil, F an expansion 
chamb(*r, K a reservoir foi* unconverted oil. Evidently the pressun^ 
in th(' coil is not sulTicient to keep the reacting Ixxlies and products 
in the liquid stat(‘; neverthek'ss, the velocity of flow of oil is maim 
taiiK'd higher than that at which a film of tlu' oil would spread on the 
surface of the coil, henc(' undue superluviting of the vapors is ap- 
parc'iitly avoided. 

Liquid-Vapor Methods 

Tn an apparatus foi’ cracking oils, d('S(‘ribed by Lambert" a heating 
pipe which is coated with lu'at insulating material and contains ('h'ctric 
heaters passes through a still chamber. A pump 
within th(' chamber forces th(' oil under high 
pressure through the heating pip(; to a seiF'S of 
branch j)ip(‘S in th(‘ iq^per part of the chamber. 
The heat(‘d oil is s])ray(‘d from thes(‘ pipes by 
d('tachabl(' sprayers into th(' va])or spa(‘(‘, and 
the gaseous products are withdrawn. Heavy 
condensed oil is returiK'd to the still and the 
lightcT vapor then cond('ns('d. 

Johnson and Snodgrass ^ hav(^ dewised a 
cracking apparatus, on(' of the featun'S of which 
is a unif that, as shown in Fig. 107, is made up 
of a number of V(‘rtical tub(\s pj ovid(‘d with top 
and bottom drums or Invaders. Th(‘ method is 
intended for tln^ cracking of petrokanii residue's 
Fig. 107. Method of pitch(*s. A battery of th('S(' units is employed 
Joliiison and Snodgi.iss. conjunction with ordinaiy stills. The tubes 

receive direct fire. They an^ f('d by gravity, from the stills, with heavy 
residues which are preheatc'd with tlui waste gases from the main fur- 
nace setting, in which the units reh'rn'd to an' located. The geneiated 
vapors are collected in a vapor reservoir. A deposit drum is locati'd 

^ British Patent 83156, Apr. 6, 1900. 

2 J. 8. C. I. 1918, 4A; Ihiitcd States Patent 1,245,930, Nov. 6, 1917. 

3 U. S. Patent 1,283,202, Oct. 29, 1918. 
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below tli(' several drums of the units and communicates with them. 
The vapors from the resei voir collect in a drum from which a dephle^i;- 
mator or runback inclines upwardly for carrying the vapors to tlu' 
condens('r. The drum is provided with a safely valve to relieve exces- 
sive jiressure. 

A ralh('r novel scheme for a continuous crackinp; process has Ix'en 
devised by Trumbled In the general aspects of his apparatus, he 



coin bines (a) horizontal cracking tubes with (5) a vertical cylindrical 
expansion shell and (v) a settling tank located directly beneath the 
ex[)ansion slu'll. The (‘xpansion shell is expos(‘d to the hot gases from 
the tiirnace in which the tubi's arc located. Oils which are condensed 
in the expansion shell run into the settling tank and are for the most 

1 (^hern. Abs. 1917, 1039; 1010, 1X5; J. S. C. 1. 1016, 1210; United States 
Patent 1,281,884, Oet. 15, 1018; British Patent 15,084, Oct. 25, 1915. 
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part returned to the cracking tubes. However, portions of the resid- 
ual oil^ in the settling lank Jire removed, together with tarry and 
carbonaceous matter, and are used as fuel. This feature, it is stated, 
prevents an accumulation of carbonaceous and other undesirable 
matter in the system. Fresh oil is constantly supplied to the cracking 
tulx's and vapors constantly emerge from th(^ {‘xpansion chamber. 
The oil is rapidly circulated through the heating oils under ju’essure or 
not, as desired. It is stabxl that, due to tla^ evolution of vapor, an 
emulsion of vapor and oil is produced in the coils. It therefore passes 
into the expansion chamber in the form of a foam, in which baffles 
cause the foam to separate' into vai)or and heavy oil. The heavy oil 
flows by gravity to IIh' settling tank aiul the vapor is removed fiom the 
expansion chamber. (Se^e Fig. 108.) 

It is stated that the essential feature's may be summed uj) as follows: 

1. The forcing of heavy oils through a lu'ating coil, heated to a sufficient 

degree to crack the oil, at such a rate and at such a pressure that the oil can be 

changed into a foam without dinger of unduly heating or burning the oil. 

2. The immediate releiuse of the foam, the nanoval of vajiors from the foam 
and the immediate recirculation and reheating of the oil to form more foam, keep- 
ing the oil in continuous motion over a closial ring or path. 

3. The condeasation of a portion of the vapors, and the return to the coil of 
the heavy distillate. The use of a .settling tank and the contimious removal of 
heavy oil and foreign matter from the bottom of this tank, so that aciaimulations 
of solid matter are prevented and the composition of the oil Is maintained con.stant. 

Higgins ‘ nuidcTS luvivy hydrocurlioiis suitable for us(' as motor 
spirit by piussagc through a retort pipe of undulating form having 

bends in which the liciuid is held during hi'ating. TIk' h('avy oil is 

supplied slowly and is more or less vaporized in the first b(*nd and 
again subjected to heat in th(‘ second bend. The resulting vapors 
pass to a condenser. Among the hydrocarbons thus treated are crude 
naphtha, crude tar oil, shah^ oil, and paraffin oil. 

The Simplex Refining Company ^ circulatc's heavy oil, with or with- 
out pressure, in a continuous cych', (‘.g., through serpentine tubes, 
which are heated to the “ cracking point of the oil. The resulting 
vapor is continuously removed and fn'sh oil added to keep the circu- 
lating oil at a constant volume. A portion of the condensed light 
vapor is injected into the residue when it returns to the heating vessel. 
The advantages of this process are stated to be regularity in working 
and the prevention of overheating and formation of c:irbonaceous and 
viscous deposits within the tubes. 

1 J. S. 0. I. 1916, 919; Chem. Abs. 1917, 98; British Patent 941S, 1917). 

2 J. S. C. I. 1917, 127; French Patent 480,147, June 22, 1916; Danish Patent 
21,511, Sept. 18, 1916. 
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A proc(‘ss which does not involve circulation of the main body 
of oil while beinjz; cracked is described by Bacon, Brooks and*Clarkd 
The method utilizes mineral oils whose boiling point is 250° C. 
(482° F.) and upward, for th(‘ production of a mixture of hydrocarbons 
principally of tlu^ CnH 2 iif 2 si'ries, boiling below 200° (1 (892° F.). 
Th('. mineral oils from which th(' product is obtained are petroleum 
hydiTicarbons, for instaii(‘(‘, AiiK'rican and Mexican petroleums. The 
operatio*ii is conducti'd at a pi'( ssure of from 60 pounds to 800 pounds 
})(‘i' sipiare inch, and at a tempi'rature of from 350° C. to 500° (662°- 

982° F.). Th(^ method is designed to avoid the difficulty of carbon de- 
posit by conducting the opei'ation under such conditions that the 
partick'S of tar and coke produced in the mass will tend to move out 
of th(' cracking zone of the still and deposit themselves in a part of the 
ap[)aratus separate from it. 

While (he production of (he desired ])rodu(*t d(‘pends upon the maintenanec of 
lii^h ((Mni)('riitur('s and hif^h {)re.ssures, (he rate of production is a function of the 
area of lu'ating surfac!' ('iaj)lov('d and, for most purposes, may be regarded a.s rep- 
r('si‘nt(’d by tlu* ratio of tlu' lieating surlace to the volume of the oil within the 
hi'ating space. Accordingly, it is found (hat (lie maximum yields, m a given unit 
of (im(‘, from a givi'u volumi' of oil hea(ed, are obtaiiaal when the ratio of the 
hi'ating surfae(‘ to the voluini' is corn'spondmgly large. In practice, tuiics of an in- 
((Tiial diam(*t(M’ as large as 19 inch(‘s (corr(‘sponding to a ratio <‘xpre.s.sed in com- 
parable units, of inti'rnal surface to mt(‘rnal capacity of 1 t.7) have beem ('inployed, 
(his numerie<il ratio being derived wh(*n tin* inch is taken as tlu* unit of measure- 
ment Tlie em|)Iovim‘nt of tubes of mati'rially large* diameter, because* e^f the 
rajiidly ele*cre*asmg uclel in gasoline beyemel that peant, is ne)t. aelvi.sed. 

The* particle's eif tar anel e*oke that are forme*el during (lie o[)eratie)n move out 
anel elepeisit in a jiart eif the aiiparatus se^parate freim the heated surfaces which 
e'flee't the crae‘kmg eif the eiil. The still is e'einstriicteel m siiedi a manner that its 
heating zeme is upright anel is a porlion eif a tube of small diameter with respect 
(o its lengtti. The tube is sujijilied with the oil by a pump discharging into its 
up[)(‘r juirliein A(, its lower end the lube leaels intei a re*e*eptacle* for the cedlectiori 
of (he tar anel e‘oke particle's The arrangeunent is such that tlie ree'cptacle in 
whie'h the tar anel e;oke are received is entirely below (he heating zeme; of the tube, 
,so that the jiartie-les of (ar anel e'eike will fall freely thremgh the oil column into the 
collecting sjiace below. Whatever (ar and e-oke is ele*posite*d upon the upright walls 
ejf (he heating zeine is relatively .small in ameamt, sei that the cleaning of the tube 
te) re*me)ve* the*se; accretions is not freepiendy reeiunvel 

Anotlu'r characterislie; of this metlioel is that the* danger of explosions is 
le'Stii'iied at the; pivssures emj)le>yeel, be*e*ause of the* much larger resistivity to pres- 
sure incide'iit ti3 the emiileiyment of small tubes as compared with the employment 
of a single large still, either of the horizontal or vertie-al type. 

In Eig. 109 is sheiwn a single unit e-emsisting eif a tube h, of steel who.se length 
is 20 ft. or more, when the internal eliameter eif the tube is 0 inches. The heating 
zone of the tube is between its ends and consists of a fire brick chamlier T having 


(diem. Abs. 1915, 1113; United States Patent 1,131,309, Mar. 9, 1915. 
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air inlets d and opening e, for the products of combustion. The chamber C rc- 
ceive.s it,? heat from a series of annular gas burners /, supplied with a mixture of 
air and gas from the gius conduit D. At its lower end the tube b communicates 
with a tar and coke n'ceiving receptacle E, located below, outside of the heating 
zone. At the beginning of the operation, the charge of oil to be cracked and dis- 
tilled is established up to the level indicated; that is to .say, at a level slightly 
higher than th<' internal wall of the fop of the heating chamber (\ Tins levi'l is 
kept practically constant, by means of a puni]) which supiilies oil to tla* interior of 
the tube. Accordingly, the products of combustion 

do not come into direct contact with any portions 

' T of the tube not oceupiial by the liipiid oil, and con- 

seiiuently the danger of destructive distillation of 

[[ II I any portion of the vapors by coming into contaid, 

with overheated jiortions of the tube above the zone 
of liipiid oil is minimized and the foimalion of an 
adhering layi'r of coke U])oii portions of the walls 
of (he tub(' IS avoided. The frc'c portion of Ihe tilbc 
extends above the furnaci' s<‘t ting for a distanct* of 
about feet. The vapors pass through the pipe i 
to a condenser coil. At the bolloin of tin* receplacle 
E a pipe conveys the residual tar and coke to a 
receiving tank. 

fn carrving out th(‘ jiioeess, tlu' reei'jilaele E 
and the tub(‘ E are tilled to the h'vi'l indicati'd, and 
the annular burners / ari' lighted The tianperature 

ri.si‘s from liotF to :>()()"( b (btVi" F ) and the 
pressure is permitted to rise until the pressure gagi' 
t indicati's a pre.s.sure of about lt)t) pounds. At 100 
fiounds pn'ssure about 75 to 00 per cent ol the entire 
body of oil may be distilh'd with the production of a 
resultant condi'ii.sate containing a largi' iiercentage 
of material boiling Ix'low 200" C. (302° F.), the 
temperature bc'ing about 425" (b (7t)7"F.). About 
35 i)er cent of the condensate obtained at this 
Fig. 109. — Vertical .still AVith temperatun' has a boiling jinint below 

“sump’’ for removal of tar and ^ almost, all of this product 
carlion, according to Bacon, «« ‘>f fh(‘ paraffin .series It is prelerred to operate 
Brooks and Clark. at a pressure of 1(K) pounds for the reason that the 

H'lative portion of the material boiling lielow^ 150" 
C. (302° F.) is greater wdam the operation is conducted at 100 pounds pre.ssure 
than wdien conducted at the lower pre.ssure of 00 pounds per siiuare inch. The 
higher preicsures up to 300 pounds are employed when it is dcsinal to still further 
increa.se the relative proportion of matiTial in the condimsate boiling below 150° 
C. (302° F.), hut at the higher pressures there is progressively more coke and “gas 
formed and hence a lower percentage of total condeimte is obtained. 

During the cracking and distilling operation, any particles of tar and coke 
that may be formed in the body of the oil tend to fall through the vertical heat- 
ing zone, by gravity, into the receiving space of the chamber E. A relatively 
small amount of tar and coke builds up upon the viatical walls of the tube B 
within the heating zone, but the.se accumulations are relalively unimportant, it is 
said, and slow of formation, and may be readily removed by the use of any or- 
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(linary boiler flue cleaner. Tlie petroleum residue containing the coke accumulat- 
ing in the r(*ce])tacle E is draA\n off from tune to tune through a pipe iflto a re- 
ceiver. 

Suckert^ has iiroposed simultaneously to dcsulphurizo and crack 
jietroleuin oils by passing them in contact with a desulphurizing sub- 
stance (oxides of cop]xu', lead, calcium and iron) under a pressure of 
from ony hundred and fifty to two hundred pounds per square' inch and 
a temperature ranging between 500^ and 600° 0. (932°-1112° F.), 
through a coil of the type 
shown at O in Fig. 110 and 
then through a mass of 
the oxides named, shown at 
H. After subs('(iu(‘nt ex- 
pansion the oil is distilled. 

In addition to desulphuriza- 
tion, light oils and per- 
manent gas are pi'oduce'd. 

An inte'rmittent process 
in which kerosene orlu^avier 
oil circulates back and forth 
l)etw('(ni a se'riesof cracking 
tubes and a horizontal cy- 
lindi'ical conve'rter is pio- — Pipe still m series with (h'sulphuriziug 

post'd by W. M. Cross.^ chamlxT, proposed by Sucker t. 

Referring to Fig. Ill heat 

is aiiphed to the oil in tubt'S a which art' hicatetl in furnace setting .s. 
rump c, actuated by intitor /, constantly circulatt's tiil through tht' 
tubt'S, frtini these tt) the convt'rtt'r and back thrtuigh the tubt'S. No 
external heat is a])])lit'd tt) tht' ctinverter ft)r t'racking purposes. When 
cracking has ])roct*t'dt'tl far enough, the chargt' is tlraAVii off from h anti 
tlistillt'tl to recovt'r light oils. 

If the converter tank h is partially filled with gasoline and the temperature 
raised so that the pressun'. increases from slightly above that of one atmosjilicre to 
forty atmospheres, it is said that there is no m(*reas(‘ of a vapor pr(‘.ssurc out of 
proportion to rise in temjierature; that is, as the temperature has incn'ased there 
is gimply a corresponding increlisi'- in jiressure. If, howi'ver, kerosene is treated in 
the same manner, the luessure rise's in jiroportion to the rise in terniieratun' until 
a temperature of nearly 30(F(\ (572'^ F.) is reache'd, after which there is an in- 
crease' in ])ressurc entiri'ly out of pro])orti»)n to the' increase in temperature. 
Similarly, when treating 2(F liaume petroleum residuum, there is a noticeable in- 
cre'ase of pressure out of proportion to the increase of temperature when the latter 

1 U. S. Patent 534,295, Feb. 19, 1895. 

2 J. S. C. 1. 1916, 1254; United States Patent 1,203,312, Oct. 31, 1916. 
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is between 300'’ ( 572 ° F.), and 32.)° ( \ (017'’ F.), that is, at those tempcnitures the 

pressure rises rapidly with slight increase in the temperature While these temiiera- 
tures and pressures are only approximate and vary greatly according to the sub- 
stance treateil and the products desired, it is noticed that in each case there is a 
certain temperature below which the rise m pressure corres[)onds to the rise in 
temperature, and above which the rise in [iressurc is out of projiortion to the rise 
in temperature. While the exact nature of the reaction Ls not understood, new 
products are produced rapidly above the “ breaking point,” but are not produced 
below this temperature, and m treating any particular substance, the opi'rator, by 
tlic proper observations of temperature and pressure determines what the breaking 
point is. 

From thivS point the temporaturo is raisial very slowly, since in 
making gasoline from kerosene it is found that a sweeter product is 



derived when the increase in tempeniture above the bnaiking point is 
very slow. The process is continued until there is no longer any rise 
in pressure out of proportion to the* rise in temperature. The contents 
of the converter are then allowed to cool without releasing the pressure 
except such a decrease as results from the cooling. The product of 
(he converter is then drawn off into the reheater and the temperature 
in the reheater maintainexl at a point which will vaporize the product 
desired. By varying the temperature in the ndieater different products 
can be condensed and separated. 

Seigle ^ forces petroleum oils in spiral streams through the spaces 
between horizontal, concentric, cylindrical metallic shells. He uses 

' United States Patent .567,751, Sept. 15, 1896. 
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an apparatus part of which is shown in Fig. 112. The openinjgs at tlie 
ends of each pair of concentric shells arc closed by means of flanges, 
as shown at C. Such a pair of shells constitutes a unit. The several 
units are connected together 
by means of expansion bends. 

Baffles cause licpiid which is 
passing through the spaces 
between the concentric shells 
to traverse a spiral path. The 
liquid enters at A and leaves 
at B. Heat is supplitnl by hot combustion gases which travel in the 
direction indicated by the arrows. 

Parker ^ (h'seribes a method the purpose of which is to avoid the 
[)rodu(;tion of carbon as much as possible. It is based upon the belief 
that at 1000° F. (588° C.) the higher boiling hydrocarbons are more 
stable as regards ultimate de(X)mposition, i.e., decomposition yielding 
free carbon, than arc the lower boiling oils. Fig. 113 shows how this 
purpose is effected. The crud(^ oil undergoes thn'c tr(‘atments in the 
cracking chambers. First it passes through coil A, which is one inch 
in diameter and fifty feet in length. Here the oil is heated to 400°- 
450° F. (227°-232° C.) and attains a pressure of 100 pounds per square 
inch. The oil then passes through a nozzle or injc'ctor, then into and 
through a steam-iacket('d pipe B. The effc'ct of the nozzle gives the 
oil and od vapors an inereased velocity. The pipe B is lu^atcHl to 
800°-900° F. (427° 182° (\) by means of superheated steam generated 
in superheat('r E. Prior to the entrance of the oil from the coil A to 
the jacketed pipe B about 10 per cent of superheated steam is injected 
into the oil. 

After leaving the jacketed heater B the oil is passed through an 
expansion drum C provided with a spiral or helix to give the oil a whirl- 
ing, centrifugal and progressive' movement. In other words, the oil, 
which is really in tlu' form of a vapor, is forced to circulate or rotate 
very rapidly, and as it is traveling at the' rate of approximately 100 feet 
per second, the lu'avier parts of the vai)or are, it is stated, forced out- 
wardly from the center of the conveyor and exposed to tlie hottest 
temperature within the retort (about 1000° F. (588° C.)), The gas or 
lighter parts of the vapor are said to stay nearer the center of the screw 
or helix, and consequently a more uniform breaking of the oil as it 
passes through the expansion drum will result, avoiding the superheating 
of gaseous products. From the expansion drum C oil passes to a pres- 
sure drum where carbon is allowed to settle bc'fore the oil continues 
1 J. 8 . C. I. 1917, 704; U. 8 . Patent, 1,226,990, May 22, 1917. 
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to a cooler, in which the temperature is reduced to approximately 
300° F. (149° (A). 

Noad ' us('s horizontal N-shaped retorts. Fiji;. 114 delineates a 
horizontal sectional and a vertical elevational view, respectively, of a 



single retort setting. Water and heavy oil, for example, American 
solar oil of 0.863 specific gravity, are simultaneously dropped into these 
retorts. The retort is packed with scrap iron. The mixed vapors of 
oil and steam are subjected to a cracking temperature (in the case of 
1 U. S. Patent, 971,468, Sept. 20, 1910. 
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the abovo-iiientioncd oil about 900° F. (482° (\)) in contact with the 
iron at about atmospheric pressure and are then 1 (hI away to stills, 
where the light oils nre distilled off. The residue from this distillation 




is’roturiKHl to the retorts. One of the main haitures of Noad’s process 
is the injection, into the retorts, of water in a liquid state, togethci 
with oil, in a liquid state, into the luxated chambers. 

Lewes and Redwood ^ are of the opinion that the latent heat of the 

I Report of Lewc-s, V. B., and Redwood, Boverton, concerning Noad’s process, 
London, E. C., March 2, 1010. 
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oil and liquid water greatly assist in keeping the temperature well 
below 560°C. (932°F.). Cloneerning Noad’s method, Lomax ' says that 

“in 1908 Noad and Townsend - proposed to decompose oil and water in liquid form 
in the presence of each other and of highly heatt‘d iron in the form of scrap or 
the like, claim being made that the iron acted as catalytic agent This jiatent was 
taken over by the New Oil Refining Process, and was followed by several others 
under these names in 1911 and following years, ^ m which claims were made for 
other packings in the retorts, and for temperatures of 1000°-12()0'^ F. (53(S°-f)49° 0.). 
In the process as worked, the retorts were horizontal iron tubes about 12 ft. long 
and 9 in. in diameter, and 9 tub(‘s were built in oiu' battery. These retorts were 
packed with iron turnings rolled into the form of cartridges, fitting loosely into (he 
tubes to facilitate removal. The retorts were h('ated by oil or gas burners, the g!is 
for the latter being produced in the process, and tlu* (('inpcrature, about tiOO” C., 
was kept under recorded pyrometrK; control. The oil and watvr wcae fed into the 
retorts by separate pipes in the proportion of about four parts of oil to on(‘ part 
of water. On dropping into the retorts \aporization instantly occuin'd, and the 
vapors thus formed were quickly removed from the sphere of action by means of 
an exhauster, passing first through a dephlegmator where the hi^ivier protlucfs 
were condensed, and then to a water-cooled condenser, wher(‘ the main fraidion of 
the cracked oil was collected. The gas, still charged with light spirit, was passed 
through scrubbers to recover these bodies, and finally into a gas holder for use 
as fuel in the plant. The conden.sed cracked oil and .spirit-laden .siaubber oil 
were passed through topping .stills to remove all .sjiirit, and were tluai mixed witli 
the heavy condensates from the first dephlegmator to be retiirnc'd through tlu‘ 
retorts. Solar oil was the crude material ii.sed in the plant, and also as scrubber 
oil, the quantity used in the .scrubbers each day being .so arranged that it was 
equivalent to the (piantity requinal in the (Rinviaters nc'xl day. The spirit from 
the tofiping still was refined with sulphuric acid and alkali, and then steam- 
distilled through dephlegmators, giving a water white motor spirit, a solvent or 
paint spirit with fliush point over 7'S° F. and a residin' suitable for varnish, rubber 
substitute, etc. The yields of finished products obf aim'd from llu' original solar 
oil employed were: -- Motor .spirit, 40 per cent; paint or solvent spirit, 13 per 
cent: varni.sh .substitute, 13 per cent: gas, 30 p(*r cent: carbon and loss, I per 
cent. In this process the spirit produci'd had the iiiheri'iit defects, and also the 
good qualities, of cracked spirits, but difficulties were encountered in the working 
on a large scale, and after some months of operation the process was finally 
abandoned.'' 

C'arbiclc.s of iron, copper or aluininiini, bauxite, broken bricks, coke, 
charcoal, aluminum oxide arc some of the refractory matiaials men- 
tioned by ‘the New Oil Refining Process (Co.) and Neilson ^ as contact 

^ The Pyrogenesis of Hydrocarbons, J, Inst, of Petroleum Technologists, 
1916 (3). 

2 Noad and Townsend, British Patent 13,675 (1908). 

* (a) New Oil Refining Process and Neilson, British Patents 28,460 (1911); 
20,074 and 20,075 (1912); (6) New Oil Refining Process and Rossini, British 
Patent 13,726 (1913); (c) Noad, British Patent 3607, Feb. 13, 1912. 

* British Patent 28,460 (1911). 



Fig. 115. — Type of apparatus emploj'ed by New Oil Refining Process and Neilson 
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bodies. Those when heated to 1()00°-1200° F. (538°-r)t9° C'.) are said 
to assist ill producing naiihtha from heavier oils, in tlie presence of 
steam. The contact bodies are placed in a tube or retoi’t made of 
refractory material, while water, as such, and oil, in the liquid form, are 
introduced. The use of water in the liquid slate and oil in the Ihiuid 
state and th(^ contact bodu'S mentioiK'd above are said to yic'ld a large 
amount of light naphtha and viay little carbon and gas. In previous 
work ’ scrap iron was the contact material m(*ntioned.^ In both proc- 
esses air is ('xcluded from the retort. Apparently the vapor formed 
by passage of the oil and water through the retort is merely removed 
at about atmospheric pressure and condensed. 



Not long aftonviircl this concern disclosed several tyjies of iinprovi'd ajiparatus. 
Crude oil was the material cracked. One such apparatus is shown in Ing 115. 
Oil and water arc separately pumped into a batt(‘rv of his. slightly inclined hori- 
zontal retorts and are here subjected to crac.kmg U'mperatures. (A, Idg 11.5) 
The gaseous products then pass through the apparatus B, winch is a combined 
dephlegmator or separator and “ re-run ” si ill, that is, the inner sliell E, the “ re- 
run ” still, containing the partitions, is entirely separate from the outer shell B, 
or dephlegmator. Heavy products which eondens(‘ in the shell B run through a 
trap into the adjacent storage tank from which they are pumped back to the 
charging tank. Non-condensed material pas.ses on through the condenser C into 
a storage tank D. Distillate collecting in I) is puiniied to an overhead reservoir 
0 from whii'h it flows back into the “re-run” still E. Residues from this distilla- 
tion flow into the tank F and are, in turn, pumiied back into th(‘ charging tank. 
The light distillate from the “ re-run ” still is condensed in the condenser II. 

In another method proposi'd liy the New Oil Refining Process (Co.) 
and Neilson^ the retorts are in a vertical position. Oil and water are 

^ British Patent 13,675, June 27, 1908. 

^ 8cc Noad’s Process. 

3 British Patent 20,075, Sept. 3, 1912. 
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separately fed into each retort, heavy material drawn off at the bottom 
and lighter oils pass(Hl up to a reflux condenser. This reflux con- 
denser returns unconverted oils to the retort. The removal of heavy 
material at the bottom is said to prevent pitching and coking. 


In 1913 1 a furtlier improvement in apparatus is noted by the same company. 
This is characterized by a design (I'^ig. IKi) which allows the retorts to be naidily 
cleaned without closing down the tires. There are three sets of retorts, each set 
eonsistipg of three retorts, one above the other and connected to a vertical header, 
B. E.ach header dips into a safety box ’’ C, and from the toj) of this .safety box 
a vapor ])ipe C leads to a condenser. When it is desired to cl(‘an the retorts, the 
oil and water feed is shut off and steam is blown through the ndorls and header 
to ex])el vajiors. Water is then introduced into the sah'ty box until the outlet of 
the header li is sealed, ddiis shuts off communi(‘ation with the condenser and 
dram pijic F. The removable (aids laf the retorts can 
now be detached and the ndorts thoroughly cJeaiuMl. 

\t the same time, the manhole F (;an be ofiened for 
cleaning the “ safety box.” Wluai operation is resunual 
the water is removed from the safedv box. 

The redort, as in all t he other mid hods described by 
the New^ Pro(’,ess ('ompany, are packed with ])iec('s of 
iron, or refractory material. The methods aix' bascal 
on th(' u.se of working pressures about atmosiiheric. 

Lomax’’ slates that in the Xinv Oil Refining Ih’ocess 
jiarticular atteutum was paid to the (luestion of chain- 
ing the tubes, which were arrangi'd in such a way that 
a whoh' battiM-y of 9 tub(‘s could be cleaned while hot, 
the entire opi'ration from shutting off of oil and waiter 
to starting again taking about 20 minutes. 



Lamplough ^ ilescribcas a })roc('ss for con- 
verting lu'avy hydrocarbons into motor spirit, 
which consists in forcing a mixture of wat(‘r or 
sUaun and heavy oil, in (auistaiit proportions 
(about It) per (amt of wat('r) undcT pivssure Fig. 117. Lamplough’s 
tl-nmsli a tubuhr crackiiis (l<'vi(;c (shown in 
Fig. 117) which is lu'alc'd by means of fuel prestmcc (jf nickel, 
oil. Th(' tubes (mntain nickel rods. The r('- 

action mixture in contact with the nick(‘l is subji'cted to a controlled 
craedving t('mperature and superatmospheric ])r(’ssure. Tl\,c pressure 
used may be considerable, as, it is statial, jnvssure tends to n^duce 
t1ie amount of any volatile spirit carri(‘d away by the permanent 


’ British Patent 13,720, .lunc 12, 1913. 

- In the P\rogenesis of TI> drocarbons by Lomax, Dunstan and Thole, Journ 
Institution of Petroleum Tecdinologists, 1910 [.‘Pj. 

J. S. C. 1. 1913, 743; British Patents 19,702, Aug. 28, 1912 and 28,101, 
Dec. 5, 1912. 
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gas. Tn one phase of the process the pressure is regulated by a relief 
valve on a receiver at the end of tlie cond(‘nser coils (not shown). Inter- 
connected pumps, communicating with separate v(‘ssels containing 
water, heavy hydrocarbon oil to be converted, and fuel oil for heating 
the tubes execute the functions of delivering th(' oil and water in a 
definitely and constantly maint aim'd ratio to th(‘ cracking tubes, and 
at the saiiK'. time automatically proportion the tem[)erature of the 
cracking chamber to the rate of oil-and-water passage through th(^ 
cracking tubes by regulating the fuel oil supply to the burners. It is 
stated that to obtain the maximum yield of spirit, it is d(\sirable first 
to pass the mixture' of heavy oil and water or ste'am rapidly through 
the retort at an incipient red heat so as to avoid as far as possible the 
production of fixed gas, and after distilling off the light spirit, to repeat, 
the operation with the remaining undistilled oil several times, with the 
retort at succe'ssive'ly higher temperatun's.^ 

T. E. Yaley- maintains a retort (having a conical bottom) at a crack- 
ing tem|X'rature and intermittently causes small quantities of oil to 
flow into the retort near the top or a|)ex of the conical bottom, with 
a result that the oil is spread over the lower conical surface of the re- 
tort and rapidly vaix)rizes. This ])roduces a pressure which temporarily 
prevents flow of oil into the retort. 

Vapors are k'd through a run-back and are condensed under at- 
mospheric or slightly sub-atmospheric pressure. The process is char- 
acterized, partly, by intermittent flow of oil to thi^ cracking retort. 

Dubbs Process '’ 

The design and operation of the Dubbs plant is given in the report 
of a committee of the Wc'stern Refim'rs’ Association to its nu'rnlx'rs. 
Extracts from this report are quoted as follows:^ ‘‘The plant proper 
consists of a cracking coil made up of ten k'ngths of 4-in. ('xtra heavy l.ap- 
welded pipe, each 20 ft. in length, jointed on th('. ends by return bends. 
This coil of 4-in. pipe is placed horizontally in a furnace in two rows, 
six of the pipes being in the lower row and four in the upper row. The 
furnace temperature is maintained at approximatc'ly 1540° F. The out- 
let of th(^ 4-in. coil is connected to an expansion chamlx'r which consists 
of four 20-ft. lengths of 10-in. common extra heavy pipe. These pipes 
are connected in series by means of retuin Ix'nds so as to form an cx- 

1 See also U. vS. Patent 1,229,008, June 5, 1917. 

2 U. S. Patent 1,329, 4.''>0, Feb. 3, 1920. 

3 See also Dubbs. J. A.. Clnip. 4, p. 10. 

« By F. W. Padgett, Choni. Age (N. Y.) July, 1920, p. 229. 
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pansion chamber approximately 80 ft. long. These lO-in. pipes are 
positioned horizontally in a chamber and arc' not hc'ated, but iiAiulatod 
on the outside to prevent loss of heat by radiation. 

The raw oil is fed into one end of the 4-in. coil by means of a force 
pump, and as the oil passes through it is heated to about 820'’ F. and is 
th(‘n discharged from the other end into the lO-in. expansion pipes, 
which arci maintaiiK'd approximately half full of oil. The vapors are 
liberatect from the oil and ])ass uf) through connecting goose nc'cks to a 
manifold; then to vapor lines leading to a spiral vapor condenser, and 
finally into a watc'r-cooled condensc'r. A j)ressure of about 135 lb. 
per sq. in. is maintained on the entire apjxiratus. The unvaix)rized 
portion of the oil in the 10-in. coil is continuously drawn off from the 
end of the last unit.” 

In regard to the Dubbs process, it should Ik' noted that the cracking 
takes place in a two-phas(‘ system. The following summary gives the 


results of a lest run of 1G8 hours’ duration: 

Total gas oil tn'atc'd . . .... 20,952 gal. 

Total uncondensabk' gas 25,851 cu. ft. 

Fuel used equivak'iit of 3077 gal. of 14 Be. fu(4 oil 
Products (per cent yi(‘ld of origiiad oil charged): 

(JasoliiK' (440 end point) (58.59 Be.) . 20.29 per cent. 

Kerosene (40-41 Be.) .... . . 14.11 per cent. 

Pressure distillate bottoms (31-32 Be.) 27.19 per cent. 

Residuum (13-14 Be.). 24.71 percent. 

Loss 7.70 per cent. 


100.00 



CHAPTER XIII 


TUBE AND RETORT CRACKING IN THE VAPOR PHASE 
The Use of Catalytic or Contact Bodies 

Meldrum ^ passc'd heavy oils and solid paraffin of low melting!; 
point throu^i:h an iron pipe heated to a visihl(‘ red heal. IIk; tube was 
filled with broken stone or s{)ent shale. He obtained illuminating and 
lubricating oils. 

Sabatier ^ decomposes heavy oils by heading tlu'ir vapors over 
catalytic metals, which are prepannl, for example, by leducing lIu* 
corresponding oxides with a reducing gas at an ('hwatcnl temperature.® 

The unsaturatcd light hydrocarbons resulting fi’om th(‘ ({(‘com- 
posing treatment are then mixed with hydrogen and again pass(‘(l over 
catalytic metals, to ('ffe(^t a hydrogenation, or satui’ation. 

The process consists of two parts: 

1. In subjecting the vapors of crude petroleum oi* petroknim already 
deprived of its naphtha content, to contact with fim'ly divided metals 
heated to temperatures ranging Ix'tween 400° (\ (7r>2°F.) and dark 
red heat. There is a partial (k'com posit ion of th(‘ vapoi’s into gaseous 
products, consisting of a mixtun^ of hydrogem, hydi’ocarbons and 
litpiid products, a considerabh* proportion of which distills below 
150° C. (802° F.). The residue boiling above 150° C. is mix(‘d with 
fresh oil and again put through the proc(^ss. 

The metals which may be us(‘d are: — ^ pyrophoric iron, powd('r(xl 
copper, silver, iron, nickel, or cobalt mad(‘ by n'ducing the oxicU^s 
with hydrogen or other nxlucing gas, pow(l(‘re(i zinc, finely divided 
platinum. Mixtures of th(‘se nudals ar(‘ also used, obtained by mixing 
the metals or by nxlucing the mix(Hl oxides or by chemical precipitation. 
The metals may also be support (‘d on inert material. The carbon 
deposit which settles on the catalyzers diminish(\s th(‘ir activity and 
must be periodically remov('d. In th(‘ case of zinc this may be done 
by the action of steam at 500° C., in which case carbon dioxide and 

1 British Patent 376, August 6, 1869. 

2 French Patent 400,141, May 21, 1008. 

2 Sec also Salxitier and Mailhe, U. S. Patent, 1,124,333, Jan. 12, 1915; also 
Haller, Sabatier and Send(?rens, French Patent 376,496, filed June 14, 1906, 
Published Aug. 10, 1907. 
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liydroj^eu are formed. Or the carbon may be removed by burning it 
with air or oxygen. In this case the metallic oxid(' simultaneously 
formed must be again reduced by hydrogen or a reducing gas. 

2. The li(iuids formed as above indicated ar(‘ largely composed of 
oxidizable, uiisaturated hydrocarbons, which possess a disagreeable 
odor. To convert the evil sna'lling products into more desira])le ones, 
it is necessary to hydrogenate the cracked products by mixing them 
wilh hy(lrog(‘n and passing at 150^-300° C. (302°-572° F.) over finely 
divided nudals. 

Nick('l reduc.ed from the oxide by means of hydrogen is most suit- 
al)l(', td( hough it is ])ossil)le to use cobalt, copper, iron or platinum. 



'riu' from (lie crackinf^ oporatioii may l)i‘ m sevtaal diroctions: 

1 As fiu.'l for heating the cracking chambers, and redistilling the products of 
the cracking opcTation. 

2. Th('y may bo comiircssod and shipped in cyliiuK'rs for commercial consumi)' 
tioii, as illuminating gas, in a manner similar to (he emiiloyinent of Pintsch or 
Blau ( CIS. 

o Passed over copper coated iron, heated to a red heal It is stated th(‘y are 
decomposed in this way largely into carb.on and hyilrogiai == /iC -f- wIU. In 

I'lg ns, h is the decarburizer to carry out this operation, the resulting hydrogen 
being used in the hydrogenation of t\(‘ light oils 

Figure 118 shows a diagram of a pro])osod comm'*rcial plant in which the crack- 
ing and hyrlrogenating operations are coordinated. 







C represents a number of ending clambers, eonneeted in pnruM The 

chambers arc provided nith independently fimetmninf; valves and supply pipes so 
that any clmmbor or chambers ran be independently operated, for example: 

(a) Heated, for eraeknif' purpose's. 

(fj) Cooled, for ref)air or cleaning. 

(6‘) Supplied with steam or air, as already described, tlirough pipes n and p, in 
order to destroy carbon deposits. 

a is the oil supply and c the condenser for cracked jiroduets. Gases which 
arc not condensed in c pass through the deearburizer It, are decomfiosed into car- 
bon and liydrogen and the latter is led into a giusometer at B. Material whicli is 
condensed in e flows into the fractionating still g where a separation into heavy 
and light oils takes place. The pump i conducts the heavier oils back into res- 
ervoir a while tiic light oils jiass uj) through the fractionating still and after ad- 
mixture w’ith hydrogen from the gasometer A, pass into the hydrogenator j. 
h condenses the condensable products issuing from thi' hydrogenator while the ex- 
cess of hydrogen and steam produced in j pass into the gasometer at B. 

Gasometers at .1 and B operate alternately. 

Sabatier foiuid, howcvi'r, that th(^ catalytic activity of tlic finely 
divided metals mentioiK'd above was d('Sti-ov('d by the deposition of 
carbon, and, to overcome the difficultic's thus encountered, the metals 
are mixed with difficultly reducible oxides.* 

The revised method consists in substituting, for the metals mentioned above, 
either the same imdals, or the oxides or salts capable of producing them by re- 
duction, mixed with neutral materials free from silica, such as magnesia, alumina or 
bauxiti', lime, baryta, strontium or carbiuiate' of (he same oxides, graphile or any 
other neutral substance wdiieh does not contain considerable (pianiities of silica, 
or eyen the same metals, oxides or salts, either alone or mixed, “ associated " 
with the neutral materials by an agglutinant which <loes not contain silica (glue, 
dextrin, starch, etc.). The agglomerates thus formed are molded in (iie shape of 
regular or irregular briquets, balls, tubes, coatings or fragments of any di'sired 
shape. These dry agglomerati's, or thi' mixtures abovi' rchanal to, an' introduced 
into tubes of iron, cast iron, stei'l, eti* , or into earthenware tubes, proyided inside 
with a non-silicious coating, such ;\s magnesia, barvta, bauxite, etc. 

The first stage is carried out between 400'’ and bright red heat. When 
oxides are used in place of mi'tals in the mixtures described, or in the agglomerates 
referred to above, the reduction of the oxides can be effected by means of vapors 
of hydrocarbons, at the same temperatures as that present at the beginning of the 
first stage. The first stage, in which vapors of burning oils or criidi' petroleums 
or petroleums deprived of naphtha, any n'sidues of petroleums, shall' oils or resin 
oils, are passed over the above mentioned catalytic mixtures, re.sults in producing 
gases and volatile liquids easy to condi'use, and in the formation of carbon de- 
posits on the mixtures or agglomerates, wdiii'h, after a long time, reduce their 
activity. When the reduction of activity has become considerable, it is not dif- 
ficult to revivify the catalyzer, first by the aid.ion of steam at the same, tempera- 
tures, the steam being substituted for the vap'irs of hydrocarbons This action 
changes the metal into oxide, the gas generated during the reaction consisting of 
a mixture of hydrogen, carbon oxide, and carbonic anhydrid. 

‘ Sabatier and Mailho, U. S. Patent 1,152,7(35, Sept. 7, 1015. 
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The first stage of the proc^ess includes therefore two steps; during the first 
of which hydrocarbons are introduced, which initially reduce the oxide# formed 
to metal, and subsequently are partly transformed into gas, liquids more vola- 



Fig. 119. — Mel hod of Valpy and Lucas. 


tile than the original produet, and carbon, under the action of the divided metal 
thus produced; and the second stej), in which steam is uschI to remove the carbon 
deposited in the miuss during the first step. These two consecutive st(‘ps can be 
repeated indefinitely. 
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The volatile portions distilling below 1 5(^(1 (302° F.), obtained during this 
first stage, may be separated out and converted into saturated non-oxidizable hy- 
drocarbons, by hydrogenation. The lujiiid portions obtained, which are not vola- 
tile below 150° C. (302° F.), are repeatedly treated like the original hydrocarbons, 
until the conversion is completed. 

Examples of catalytic mixtures: (1) Mix thoroughly 40 parts by weight of 
calcined magnesia witli 100 parts of porphyrized iron filings. 

(2) Mix thoroughly 50 parts of calcined magnesia and 120 p:irls of iron filings. 
Add a solution of dextrin, so as to obtain a paste which is molded to form briquets, 
and dried. 

(3) Sixty parts of bauxite and 100 parts of porphyrized iron. 

(4) As perfect a mixture as possible of 20 parts of calcined magnesia, bauxite 
(60 parts) and oxide of iron (150 parts) is reduced to paste bv means of glu(‘. From 
the paste are formed briquets, which are dried in a slow heat. 

(5) Thirty parts of precipitated alumina and SO parts of porph.x rizcd iron are 
mi.xed. The whole is agglutinated with a solution of dextrin, and the mass used 
for making briipiets. 

See also Sabatier and Mailhe, Chein. Abs. 1916, 273; British Patent 10,791, 
July 14, 1914. 

Valpy and Lucas ^ vaporize heavy oil in a still (A, Fig. 119) by naxins 
of superheated steam (3 to 8 per tauit steam, to th(' oil, both measun'd 
as liquids) and pass the mixed vapors through heated iiicki'l tub('s 
{B, Fig. 119). The hot reaction products expand and then pass through 
tubes located in the still, then through tubes in the supply tank {!)), 
thus preheating th(' charging stock, and finally through a d(q)hl('gmator 
(not shown). The tubes may be packed with nickel catalyzer in ad- 
dition to being const ruct(‘d of nickel. Hydrocarbon gases may be 
used in place of steam. ^ 

Ellis and Wells ^ describe the results of expei’iments with sevu'ral 
forms of tubular cracking apparatus.'* Using kerosene^ of 42 Be. (specific 
gravity 0.814), yields of gasoline (boiling point up to 150° C.) of 18-20 
per cent were obtained at 450°-000° C. (842°-1112° F.). By distilling 
off the gasoline, retreating the residue, and scrubbing th(^ gaseous 
reaction products with oil, yields of 40-45 per cent of gasoline were 
obtained. The gasoline was denser than normal gasoline of th(^ same 
boiling point, had a higher refractive index, and was unsaturated; 
the iodinp value of the distillation fractions was higlna’ the lower the 
boiling point, a fraction of boiling point below 70° C. (158° F.) for 

* British Patent 20,170, Sept. 10, 1913. 

^ For methods of preparing mctal-eontaining eontaet or catalytic bodies sec 
0. D. Lucas, TT. 8. Patent 1,168,404, Jan. 18, 1916. 

See also Valpy and Lucas, J. S. C. 1. 1915, 707, 71; British l\itents 2838, 
Feb. 3, 1914; 12,653 May 22, 1914; 18,923 Aug 21, 1914. 

® J. Ind. Eng. Chem., 1915, 1029-1033. 

* See also Ellis, U. S. Patent 1,341,975 June 1, 1920. 
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example, liavinji; an iodine value of 310, whereas the fraction boiling at 
150° to 1G0° C. had an iodine number of about 50. On slandihg for a 
long time the gasoline became darker in color, and when subseciuently 
distilled, a violent reaction occurred at about 100° C. (320° F.), result- 
ing in the production of a dark brown viscous oil. A similar reaction 
occurred at about 110° C. (230° F.) on distilling under diminished 
pressure (0-10 mm.). The viscous polymerized product reacted 
violently with sulphur and with sulphur chlorides, a viscous oily mass 
bt'ing produced. Hydrogenation improved the odor of the gasoline, 
changed the color from light straw color to water white, and destroyed 
the tendency to polymerize. About 10 to 18 per cent of condensable 
gas('s was [)rodu(;ed during cracking. The gas contained up to nearly 
•10 ])er ci'iit of olefins and small quantities of carbon dioxide and 
nA)noxide, oxygcai and hydrogen. When it was treat('d with chlorine, 
a li(iuid of specific gravity 1.170 and boiling i)oint 90°-200°C\ (U)4°- 
392° F.) was formed. No difha-ence coidd be d(‘t('cted between the 
(‘fh'cts of using water and of steam in the cracking i)roc('ss. The yield 
of gasolim' diniinislK'd when the ratio of wat(T to oil was greater than 
3U:70. 'Fhe gasolin(‘ left a gummy residue when used in a carburetor, 
but gave satisfactoiy n'sults after hydrogenation. 

Ellis ^ cracks kerosene and obtains gasoline, by subjecting the 
keros(‘ne to succ('ssively increasing degiaa's of heat. Instejid of im- 
mediat(‘ly cooling tlu; resulting products, they are then given an op- 
portunity to b('com(^ more stable by being subj(‘cted to successively 
d('cr('asing Uanperatun'S Ix'forc^ passing to a condenser. In this way, 
gummy dienes and tri('n(‘S, di- and trioh'fins, are rearranged into more 
stabU' products and the resulting gasoline is imi)roved. 

The api)amtus used is shown in 120. In the furnace setting are arranged 
a series of n-^irly horizontid pi])es A which have a slight inclination so as to zig- 
zag across the cJiainlier from top to bottom. B is an inl(‘t pipe for kerosene 
'Phnaigh this pipe also may be fed water or aipieous solution (a diluted solution of 
ammonium nitrate may be used). The pipe H coimmimeates with the upper- 
most pijie of the series A. The lowermost pipe of the series A luus an outlet C 
rout rolled by a valve. The pipes are connected by means of the headers I) in 
which are placeil plugs which enable the tubes to b(‘ opiaied and viewed from end 
to end, or readily cleaned. The second series of tubes is indicated by E. These 
ti^lies form a rising system h'ading from the kmerniost tube of series A and are 
connected one with another in a manner similar to the series A. The series E is 
given a grc'ater inclination than the series A and the uppermost tube of the series 
E is below the uppermost tube or tubes of seric's .1. The uppermost tube of 
series E communicates with a ri.ser F connected with an air condenser, one member 
of which yields its condensation i)roducts to the pljic II whi<;h passes through a 


1 J. S. C. I. 1918, 49A; U. S. Patent 1,249,278, December 4, 1917. 
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condenser trough filled with water and connects with a trap which is fitted with 
the draw-olT K. The riser M provided with a valve allows the separation of gas 
and uncondensablc products. From the trap a pipe eipiipped with a valve leads 
to the uppermost pipe of the tubular heating series A. A pump may be inter- 



posed in this pipe to facilitate the removal of the liquid products from the pipe II 
and trap, esjiecially when the tubular system is operating under pressure. A 
second wing or member of the air condenser P serves for the condensation of 
lighter products, more particularly the naphtha which passes through the condens- 
ing pipe H to the trap S. 
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The function of the rising tubular series E is mainly Unit of diRestion and final 
reaction which ordinarily docs not require an extremely elevated teuiperature, 
but is a time reaction involviiiK rearrangement of molecules to establish equi- 
librium. The term “ e(iuilibrium ” has reference to the molecular condition of 
the components of the gasoline, resulting from the reactions during the digestion 
of the products of the heat decomposition of the material treated, in which re- 
actions unsaturated or otherwise unstable bodies produced, act by chemical union 
with th(‘ gases produced by the decomiiosition or by union with each other or by 
polymerisation, to produce stable compounds. This digi'stive function, as it may 
perhajis be termed, may obtain in the apparatus 1\ and the tubular heating series 
E dispensed with, this being dtnie in the apparatus shown, by inserting the plug 
in tlie lower end of the lower member of the s<‘ries E so far as to prevent the flow 
of vajiors through E. An extension of the pipe T enters the apparatus T and 
connects with the riser V which in turn communicates with the digestion chambers. 
These digi'stion chambers are of considerable length and width, but relatively 
small h(‘ight, and connected one with another by means of pipes. The digi'stion 
ch'unbers are embeddial in heat insulation material so that radiation loss is re- 
duced 

d'he tubes of series ,1 are filled with catalytic matmial which also mnv be 
the casii with the rising series E, although the u|)p(Tmost of these ari' sometimes 
left op(‘n but (he lowi'r of these tiilx's carry catalytic material. In order to secure 
a greater h('at conductivity, especially when the pijies or tubes are large, nickel, 
iron or steel b dls, disks or irrc'gular shaped medal fragmeads are used throughout 
the tubular system, thus .atTording a more ra])id deconqiosition and transh'r of 
heat and some or all of flic pijv's may be e(|uipped with tins as shown in the 
lowermost tube of (he lieating .series A. 

Th(^ tubular rising .senes E in contrast with the desceaiding series A (‘xlends 
from the /one of high tempe'raturi' into one* of relatively low te'iiqierature so that 
whiU the flow^ of the material along th(‘ series A is into zones of high(*r and liiglier 
temperature that of the material in the series E is into zones of low’cr and lower 
tempi’rature, and thus as the series 1 is functioning as a decomjiosition system, the 
rising seri(‘s serves more as a digesting and ecpnlibrium-elTecting system, an ef- 
fect which ma\ be si'cured to a greater or less degree', according to circumstances, 
by the dige'sting boxc's in the apparatus T. T’he d<*composition of [)etroleum oil 
normalh give's rise to unsaturated ])r'ducts and the naphtha resulting frenn treat- 
ment of this character is unstable By allenving the' e'einstitiu'nts eif the mate'rials 
forme'el by re'ae'tion tee elige'st in the space afforeled a satisfacte)ry quality e'lf najihtha 
is said to be eebtained. 

'Phe produedion ed ga,soline from kerose'iie e)r feir that matter from crude e)il 
anel various elistillates involves a split,! ing u]> of heavy meilecule's int,o meilecuk's eif 
lower molecular weight eefte'u with the simultane'ous ge'neratieen e)f hyelrogen and 
other gases and the pioduction of carbon, soe)t anel tar. It is imjmrtaftt tei mini- 
mize the production of coke, soot anel tar as these block the heating pipes more eir 
leSis anel when a catalyzer is iiseel are liable te) coat its surface and impair its 
efiiciency. The hydreegen which is set free by the ele'eamipe^sitiem .should be given 
an ejpportunity to recennbine whie-h is entirely possible in view of the fact that 
unsaturateel bodies are proeluceel during the splitting ope'ration 

(conditions are adjusted to provide a temperature for the escaping gases leav- 
ing the heating chamber that shall range betwc'en 150"' U and 250'’ C. (502'’ F. 
and 4<S2° F.). In the lower portion of the heating apparatus a temperature several 
hundred degrees higher, between 'iOO" C. and GOO" (T (752° F. and 1112° F.), de- 



280 


MOTOR FUELS 


pending on the oil employed, is d(\sired. For kerosene boiling from about 150° C. 
(302° F.jhipward, a temperature of al)out TiOO” C. (1)32° F.) m the lower sections is 
recommend(‘d. Fractions which re{[uire hi^h temperatun's to decompose are super- 
heated to 000° or (S0()° ( '. (1 1 12" 1472° F.) m the lower heatiuK tubes and then 
pass upward throu^^h risers K into zones of projrressively decreasiiifi; teiniieratiire 
while eiiuilibriuin is beinf^ estaldished, or into di|i;esting chambers T for the same 
purpose. 

Diolcfiii formiition a])pc;irs to bo a sido roaction which takes place 
to a fairly considerable extent in the cracking of oils. The diolefins 
jtre, however, rather unstable, reactive hydrocarbons and ai)pcar as 
intermediate products in many high temp(‘ratiir(‘ cracking jirocesses. 
Frequently diolefins are found in some typ(‘s of cracked gasolines and 
a discussion of the conditions favoring the formation of these inter- 
esting hydrocarbons is appropriate. 

Although their presence in cracked gasoline for motor fuel is very 
undi'sirable they are nevertlndess of comimTcial value in the preparation 
of useful products of polymerization and their i)re])ai’ati(;n is made tlie 
subj('ct of a study by G. Mersereau.’ The conditions v liich h(' d(fni('s 
for a maximum yield of diolefins are interesting since they point out 
how diolefins are form(‘d and we may therefon' deduci' how to avoid 
these conditions in avoifling the production of dioh'fins in a- cjack(‘d 
gasoline. 

Th(‘ raw matei’ials us(‘d are the same as thos(' used for making 
gasoline, namely, heavy crudes, gas oils, still r(‘sidu('s, etc. It is said 
that diolefins are more easily formed from straight chain paraffin or 
olefin hydrocarbons than from cyclic or ai'omatic oils. This would 
naturally be expected. In the production of dioh'fins, high pn'ssures 
are avoided. It might, merely from this, be conchuk'd that a certain 
amount of pressure is d{‘sirable in making good gasoline. It is also 
specified that at a c.(U'tain point, in th(‘ decomposition the vapors 
should be suddenly cook'd so as to prevent (k'st ruction of the diolc- 
fms and then'by obtain a maximum yield; for instance that high 
heat damages the gas carrying the diolefins. Temperatures around 
700° C. (1292° F.) with 800° C. (1472° F.) as a maximum and 
600° C. (1112° F.) as a minimum are best. The time factor is an 
important one since the ({iolefinn are apparenlhj formed hy secondary 
reactions at the expense of the yases directly formed from the oil; a', id 
these secondary reactions require an appreciable time. Their velocity 
appears to f(41ow however a descending curve. As a rule, the heating 
should be continued, it is stated, until the per cent of diolcfin in the 
gases ceases to increase rapidly and then the g;is(‘s should be at once 
1 U. S. Patent 1,282,006, Oct. 20, 1018. 
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cooled to aiT('st further internal reactions. In passing the vapors and 
gases through a nai-row hot tube, with al)out 2 see.oiids exposure to 
heat , a gas containing 4 to 5 per cent of diolefins is said to be obtained, 
whil(' by h(‘ating for 5 seconds, somewhat in exet'ss of 8 per cent can be 
secur('d. As high as 11 per cent with 30 seconds exposure has been 
found; but ordinarily, and particularly where the gas is to be used 
again to make more dioh'fins, it is l)etter to cease heating when the 
diolcfins are around 8 per c(mt. 

Grachial cooling under pressure would therefore appear to be 
conducive to a minimum yield of dioletins. ('ontac^t bodies and 
catalysts in the decomposing tubes appc'ar to be avoid(‘d in securing a 
maximum amount of diohdins. The n'aetion chambers, moreover, arc 
specified to b('tui)esof small diameter (^"* Y^) andshort length (i0"--50")- 
• (V)ky carbon apiiears to d('crease th(^ yield of diohdins.^ 

tt is sliit(‘(l also tluit a good (Conversion to form oletinu* gas(\s can he attained 
with no more tiian 0 incla's of travel (narrow tubes mt(Mnal diameter) through 

a lii'ated zone, while tlO indres and more of travel are not injurious under 
proix'r luaiting conditions, \\dtli a short<‘r length of travc'l, up to say 30 to 15 
inchc's, the projiortion of diolofms is aliout 4 to .5 jier c(‘nt. of tlie total gius and the 
ethylene is iin'sent, in much larger amount than propylene and th(‘ butyliaies. 
\\’ith a long(‘r travel of the oil valors through a h(*ated zone, up to say 00 inches, 
the pro])orti(jn of iiropylene nditive to ethylene rises and the p(‘rcentag(‘ of 
dioli'tms also mcreas(*s up to about S per cent. 

This ])roportioil of about S per c(‘nt ix'pri'sents, it is stated, a maximum 
limit; a limiting “ j^^elial pivssuny” 'This formation of diohhns appears to be 
at the e\])ense of th(> olefins propiT. If the hcyiting be interrupted when this 
nia\imum is reached, the gas (.‘ooled to remove oil vapors and the dioletins re- 
moved and recov('red, ujion reh(*aimg the gas to about the temp(*rature at which 
it was originallv formed, a fresh yield of dioh'tins is said to b(‘ forimal Here 
again the maximum limit seems to be almut S p('r (Muit. On removing the mwvly 
])roduced diol(hns and once more laniting the ivsidual gas, more an' produced, 
the limit again seeming to be about 8 })er c.ent. Rep('tition of the tr('atm('nt w’ill 
give a fourth yi('ld; but this time the amount is generally only about (i per cent. 
Siibseiiuent tn'atments ordinarily arc stated to be hardly worth while. 

Ellis “ finds that the decoinposition of oils heavier than gasoline, 
like keros(‘ne, gives rise to products which often form a smoke or fog 
in the gases which arc evolved, this fog passing through the water 
condenser (ven when the water-cooling medium is chilled with ice, and 
sdmetinK's even after passing through scrubbing towc'rs containing oil 
which ordinarily would be expected to remove' suspended particles. 

To avoid this loss he passes kerose'iie through heated conduits to 
raise the temperature of the vapors to 550® -600° Ck (1022®-T112° F.) 

1 Mc'rsercau, U. S. Patent 1,308,802, July 8, 1010. 

2 J. S. C. 1. 1017, 447; U. 8. Patent 1,210,071, Ecb. 20, 1017. 
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and contacts these vapors with catalytic material in the presence of 
water vapor. The vapors containinji; the products of dissociation are 
removed, passed thi’ough the usual air and water condensers where the 
gasoline is larg(‘ly si'j^arated from thu heavier oil and the gases contain- 
ing the resistant mist-forming particles arc conveyed to a compressor 
by means of which the gases arc brought to a pressure* of 300 pounds 
per sepiare inch. The gases are* further chilled and the light liepiid 
products separate'd unele'r the*se circumstance's are* colle*cted anel aelde*d 
to the light prexlucts eleriveel by ordinary ce>neleiisation. The gases 
which are freed from the coneleiisable proelucts arc carried to the heat 
decomposing portie)n of the apparatus and mixed with the vapors of 
the raw mate'rial. Approximat(*ly the same volume of gas is adde*d to 
the raw mate*rial as would be pre)eluceel by the eleexjinposition of the raw 
material without the* addeel gas se) that in the case of kerosene vapors 
proelucing about 10 per cent e)f gase'ous boelie*s about 10 per cent of 
recovereel gas woulel be* charge*el or a sufhcie'iit amount mixe*el with the 
oil in aelvance of heating to aiel in the* re*ductie)n of the gi’e)ss amemnt of 
gas generated eluring the of)eration. 

"rhe apparatus is oporaied under pressure, by allowing tlie gas coir»i)r('ssed 
during the operation, after removing tlu‘ rnisl-forniing particles, to enter the heat 
decomposing apparatus in sucli a way that tlie pressure of these gases is utilized 
to maintain the l\eat decomposing zone under several atmospheres. 

J. S. Lang ^ describes ti pip(* ’’ still for decomposing heavy oils to 
obtain volatile hydrocatbons. Tt consists of a syst(*m of preheating 
tubes located in the flue of the furnaci* setting, within which is situated 
the decomposing or superheating coils. A n'flux condenser is con- 
nected with the exit from the sui)(‘rh(*ating coils. Condensates heavier 
than those it is desired to obtain as ultimate products are collected at 
various points in the condenser and returned to the sup(*rheating coils. 
The heaviest condensates are returiK'd to the cracking coils at the 
hottest point of the latter and condensat(*s of lesser specific gravity at 
successively cooler points. In other words the heavi(*st condensates 
have to pass through tin* entire cracking zone while the lighter con- 
densates «pass through successivi'ly d(*creasing areas exposed to crack- 
ing conditions. 

By the method of Cassal and Gerrans ^ petroleum is converted into 
benzene and toluene, by passage in a finely divided form without added 
water or air through heated graphite or alumina, and collecting the 
resulting gaseous products. For example, burning oil is admitted in a 

1 TT. S. Patont Apr. 12, 1910. 

2 Chem. Aba. lt)18, 2120; British Patent 117,087. June 29, 1916. 
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stream into a retort containing graphite heated to 700° C. (P292° F.). 
The oil vaporizes upon contact with the retort and passes through the 
graphite in the form of vapor. The alumina and graphite may be used 
together or in succession. 

Wells ^ makes gasoline from kerosene in the vapor state in contact 
with a nickel catalyz(a* which consists of a packing of jack stones coated 
with nickel and contained in annular jackets concentrically surrounding 
a central flue. This flue is a combustion chamber and is packed with 
refractory material. It is heated by a mixture of gas and air. 

It is staked that the erude gasoline obtained by this operation without hy- 
drogen IS rather dark in color and has a slightly unphaisant odor in addition to 
containing bodies whiiih polymerize with great ease and which are therefore un- 
desirable. The gasoline is therefore passi'd with hydrogtai over nickel. 

* Robertson, Nelson and Petrol Patents, Ltd.,^ convert high-boiling 
hydrocarbon oils and rosidiios into low-boiling hydrocarbons by bringing 
them in (h(‘ licpiid stat(‘ into contact with pumic(‘ stone or sandstone 
heated to oOO®- 800° (\ (032°- 1 172° F.) in a closed retort, and condensing 
th(‘ rc'sulting vapois. Th('S(‘ are removed by a pump and are fraction- 
ally condens(Hl under jiressure, (‘.g., 16 atmosphen's. Viscous hydro- 
carbons, such as tars, are prc'heatc'd to increase their fluidity. In 
trc'ating tar for the production of tolu(‘ne, a temperature of 750° C. 
(1382° F.) is employed. Liquid find of the nature of gasoline is pro- 
diict'd from find oil at about 550° ('. (1022° F.). 

Testelin and Renard ^ crack petroleum oils in a horizontal retort 
which is connected with supcu'imposed pndieating tubes made up into 
a grid. In Fig. 121 is shown paid of the apparatus. The pipe S supplies 
oil und('r about five atmospluM’es pressure through the injector 1/ to the 
preheater F. Tlie injecting action is brought about by means of steam 
which is also applied through the injector (/. The mixture of oil and 
St ('am preheated to about 400°-450° (\ (752°-812° F.) in F passes 
through retort J where cracking talk's place, assi.stc'd by catalytic ma- 
terial contained in the retort. The products of the reaction leave the 
retort J through pipe K and pass into a condensing apparatus (not 
shown). The exit pipe K is provided with a pressure reducing valve 
//' and an air or cushioning chamber //, which acts as' a shock 
absorber. 

f 

The heating elements are small, operate under a high pressure (about five at- 
mospheres) and at high temperature.s (a.s high as three or four times the mean of 

’ II. 8. Patent 1,218,225, November 27, 1017. 

Sec also Wells, II. S. Patent 1,2:32.451, July 3, 1017. 

® ('hern. Abs. 1010, 10:30; British Patent 10,081, Julv 20, 1015. 

5 British Patent 10,881, Aug. 11, 1008; U. S. Patent 1,138,200, May 4, 1915. 
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tlie boiliiij? of the liquids) and the highest tomperaluro retort contains a porous, 
refractor}, catalytic mass; the petroleum is atomized under pressure ami brought 
into the heating elements by steam; and intense heat is directly applied during a 
very short traverse; the particles are practically instantaneously volatilized and 
broken up into new compounds and th(‘ entire lieat treatment of each j)arliclo is 
completed in a very brief period, in one opiu-ation, without interuK'diate condensa- 
tions and revaporizations. 

From the heating elements the product is discharged, suitably reduced in 
pressure, to fractionating condensers, which separate the several perman.’ut com- 
pounds. The oils of commerce, whose density or specific gravity vanes from 
0.800 to 0.820, treated in this apparatus, undergo modifications more or less pro- 



products of decomposition. The liquid is changial in density. Light and heavy 
hydrocarbons are formed simultaneously, the jiroportions of the several kinds de- 
pending upon the pressure, the temperatures and the duration of the treatment 
of a given quantity. The heavy produc.ts can be re-tre;ited and transforminl into 
light spirit. 

d'he g^atest proportion of light and highly volatile product is obtained b} 
superheating until there is a slight production of [lermanenf gases ddie condense 
ing apparatus (not shown) consists of reflux, fractionating condensers and a fimil 
condenser. The primary heater or volatilizer F is protected from the lire by a 
diaphragm and is heated by convection, ddie ca.st iron retort extends through the 
combustion chamber and contains a catalytic obstruction made from suitable re- 
fractory material, such as clay. Its protruding ends are closed by yoke-mounted, 
screw-closed caps, ddie oil supply system (not shown) includes a closed ri'gulating 
pressure-tank into which oil is pumped by a force pump. The operation of the 
apparatus is as follows: — The furnace E is lighted and steam at about five at- 
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inospluTi's IS udinitted through the steurn pipe to the primary lieator F, and 
thence to the condensers. The primary lieater F is maintained at a temperature 
not less than 400'’ or more tlian loO'’ ('. (752'’ 812*’ F.), and the retort J at a red 
heat. This is facilitated by the location of the retort in the combustion cliamber 
exposed to the direct heat of the fire and the separation, by a diaphragm, of the 
ri'tort from th(^ primary heater. ;\s soon as the primary heater F is heated to 
the desired temperature, the pumi) is started to supply oil, and the steam valve 
and the injector G are adjusted so tliat the oil and water issuing from the con- 
densers iir(‘, substantially ecpial in volume. 

The oil IS attinuzed by the steam and with the lattiT is carried m a finely 
divided statii into the priimiry heatiT F, where both are superheated and con- 
vi'i’ted into vapors, and then into the retort J and through the catalytic obstruc- 
tion. d’lie, products then pass to the pressure regulator IF, which reduces the 
pri'ssure suital^ly for the condi'iising plant. If the temperatures tend to become 
too high, more oil and steam are admitted, the rates of work and abstraction of 
lieat are incri'ased and the tenii)eratures tend to become normal; while if the tem- 
])?ratures tend to bi'coine too low, less oil and sbaun are employed, rates of work 
and abstraction of heat are dc'creased and the tem{)eratur(‘s tend to rise. How- 
ever, propi'r maintenance and regulation of th(^ furnace fire in great m<‘asure ob- 
viate the niHH'ssity for varying the rati's of oil and steam sujiply. Because of the 
intimate c.ontacts of the superheated oil an<l steam m the retort J and catalytic 
obstruc.tion, the reactions generally occur, it is said, practically in detonations, 
which clause ra])idly sucei'i'ding pr(‘ssure oscillations or shocks These are cush- 
ioned and rendered harmless by the shock absorber or air chamber II. The 
proper ri'ading of the gage is the mean of such pre.ssure oscillations. 

Th(‘ distillates and lu'ayy hydrocarbons from the retlux and other stills can 
!)(' ri'lurned to the heating ('lernents for additional treatmcait and suitable arrange- 
ments can be made for that jiurpose, so as to produce the maximum proportion 
of s])iiit. If (he reactions occur at too low a t.emperature, little or no light spirit 
will be produced; while if the temperature be too high too much gas and too little 
siiiiit will he |)roduc('d. 

Th(' operation is analogous to that of the fixing chamber of water gas plants, 
in whi(‘h the enriching oil iiraeiically at atmospheric prc.ssure is subjecti'd to a 
very high ti'inperature and thereby converted into perm:ment gas. In this ap- 
paratus the tmnperature is lower because the desired product is “ siiirit,” not gas, 
and the jiresMire is vc'iy much higher bec,:ius(‘ the dc'sired reactions are functions of 
both tianperature and pressure and as the pressure is increased the react.ion- 
teinperatuie necessary to produce spirit becomes lower, ddierefore by maintain- 
ing a high ])ressure it is practicable to cause the desired reactions by a temperature 
that will assure thi' yiroduction of the maximum proportion of the desired spirit, 
with the minimum of gas and heavy hydrocarbons. 


, Methods that Avoid the Use of Catalytic Packings 

Von Groeling ^ distills and cracks hydrocarbons by passing the 
vapors from a still through externally heated cracking tubes in which 
they are mixed with liquid hydrocarbons. Th(^ vapors arc thus scrubbed, 
and the liquid hydrcicarbons are ju’cheati'd and fed to the still. The 
1 Chem. Abs. 1914, 3501; British Patent 10,213. April 30, 1913. 
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distillation is effected by superheated steam and by means of a furnace, 
the gasfes from which afterwards pass over the cracking tubes. The 
cracked vai)ors are separated in a dephlegmator into fractions. In 
some cases t\u) cracking tubes are fitted with removable worms. The 
temtxa’ature in the still and cracking tubes ranges from 350° to 500° C. 
(602° “032° F.) and the operation is efTectcid und(‘r a slight })ressure. 

Eldred and Mersereau * depolymerize heavy oils or residua, to form 
unsaturated gaseous hydrocarbons of the ali[)hatic seric's; t‘.g., tHhylene 
and propylene, subjecting the oil in a vaporized state for a bjief i)eriod 
of time to a low gasifying temperature, by transmitting a current of 
vapors past or over heated surfaces, the time of exiH)sure of the oil to 
the temperature us{‘d being insufficient to produce complete decompo- 
sition. The heated vapors and gases are removt^l from the zone of 
heat, and quickly cooled to remove unchanged oil and the gases ai’e 
then treated to recover the unsaturated gaseous hydrocarbon. 

Ethylene, propylene, the butylene.s and the other gaseous compounds of this 
aliphatic group, being of comparatively high reactivity, are of potential value as 
raw materials for the manufacture of many chemical substances. Ethylene, for 
exam|)le, is valual)le as a raw material for th(‘ manufacture of alcohol, ether, 
aldehyde, ghcol, ethylene chlohydrin, ethylene esters and vinyl derivativTs. 
Propylene and the butylenes are also materials which can b(* used in produc- 
ing valuable substances. Other unsaturated aliphatic hydrocarbons are possible 
sources of .synthetic caoutchouc. 

It is a.sserted by Eldred and Mersen'tiu that by heating oils whi(*h, 
like many crud(' petroleums and residua, consist largely of carbon (‘om- 
pounds containing from 10 to 20 or more carbons in the moh'cule, 
with a suitable control of the conditions, a depolynHaization of com- 
paratively simple and regulabh' type and without cornph'x side reactions 
can be produced. Under proper conditions, it is said, the oil is brok(‘n 
down mainly into gaseous compounds, having two carbon atoms, with- 
out deposition of carbon or formation of tar. 

The oils best adapted are crude petroleums composed of oils boiling at tempera- 
tures from lotrC. (a()2ML) to ‘2tKP C. (302’’ F.) or above 2(Kf Ch (392° F.) (that 
is, containing hydrocarbons with more than lOctirbons) or p(‘troleum residua from 
the manukicturc of gasoline and kerosene. Low boiling oils eomjio.sed of hydro- 
carbons with 6 to 8 carbons in the molecule are loss well suit'^d. On exposing 
such high boiling hydrocarbons in va{)or form to temperatures around 7tK)°^C. 
(1292° F.) and within 50 to 75° 0. fin cither side of that point, a regularly gasify- 
ing depolymerization .sets in with the jiroduction of low molecular gaseous hydro- 
carbons without any great amount of other .synthetical or analytical side reactions 
as long as vapor of unchanged oil still remains in the sphere of action. Such 

‘ J. S. C. 1. 1917, 999.V; U. S. Patent 1,234,880, July 31, 1917. 

2 See also preceding descript im of the Mercereau process, page 280. 
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vapor seoins to have, it is stated, a shielding; action on the products. With the 
disappearance of unchanged oil, decomposition of the products begin*. Coky 
carbon should be absent since in its ]3resence, probably because of a spi'cial cat- 
alytic power, the regularity of action would disappear. 


To oblain the desired n'gularity of operation, th(‘ tinu' of exposui'c 
to th(^ lu‘at should b(^ comparatively short, not over a few seconds, 
there sliould be sufhcieiit, contact of the vaixirs with the heatcnl solid 
materials coiivt^ins the heat, and th(^ operation should bi‘ so eon- 
duct('d as to pri'si'rve at all times an excess of heavy oil vapors in 
the si)here of reaction, or, in other words, the reaction should not be 
puslu'd to a finish as regards lh(‘ particular body of oil vajKirs under 
tr(‘atment. And this excess should be well distributi'd throughout the 
body of gas and vapors; there should be no stratification of the com- 
paratively light gas(‘s frt'e of the ndatively lu'avy oil vapors. In the 
presi'iice of this excc'ss of oil vapor, tin' reactions go forward much 
more smoothly whih^ the (‘xcess is not lost since it can b(' condensed out 
of the reaction products and then returned in admixture with tin' fresh 
oil to the reaedion zone. With proper regulation of conditions no im- 
portant amount of carbon will Ix' set free; and such as may occur will 
be soft and in the nature of lampblack. If hard, coky carbon be once 
deposited in the rc'action chamber by undue lu'ating or otherwise' it 
('xercis('s, as stated, a detriim'iital (‘atalytic ('ffe'ct, (‘arising far-going 
(U’acking with foi'ination of more hard carbon. Its pix'sence should 
tlu'H'fore b(' guarded against. Tlu^ lu'ating is done in a narrow t'xter- 
nally he'atcd tub(', which is of st('('l, iron, (.‘opper or clay. Ordinary 
lu'avy walk'd steel or cast iron piping is suitable'. It is he'ated by gas, 
fire or electrical he'ating, as long as the he'ating is uniform and con- 
trollable. It is b('st not much ove'r 1.5 inch inte*rnal diamete'r and may 
be only an inch or 0.5 inch. Otlu'r forms of containers than cylindrical 
tubes may be use'd but it is desirable not to have any portion of the 
he'ating chamber more than an inch away from the wall. I’liis is for a 
numbe'r of reasons. One is that capacity of a chamber increase's faster 
than the area of the walls; and the large'r a ediamben* the more lieat 
units must be sent through a sepiare inch of wall pe'r second Jo main- 
tain a givem temperature throughout that chamber; i.e., the hotter 
m;ist be the walls. The figure given represents a convenient limit. 
While it is ek'sired to heat the oil vapor and gas uniformly to some tem- 
perature around 700° C. (1292° F.) a temperature of 800° C. (1472° F.) 
represents a danger limit which should not be* exceeded. At 800° Ck 
(1472° F.) breaking down of ethylene, propylene, etc., is apt to begin. 
Another reason for the limit given is that with chambers of large section 
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it is difficult to prevent stratification — a separation of oil vapors and 
gas. And a stratum of gas, free of oil vapors, is apt to suffer damage 
at temperatures which would otherwise be safe. 

It is thus best to operate witli narrow tubes. The length o[ these may vary 
somewhat; but for the production of ethylene they are best comparatively short; 
the heated length is from G to 30 inches. The linear area of the tube exposed to 
heating should be comparatively short; or in other words, merely enough to bring 
the vapors to the desired temperature without prolonging the heating ac.^ion. Six 
to 10 inches of heated area with a tube of small diameter arc sufficient; though 
the tube advantageously may be several times as long. With a half-inch iron tube, 
in producing ethylenic cracking, the tube may be so heated over about G inches of 
its length :is to make it a just visible red and may have IS to 30 inches of length 
beyond the heated area so arranged ;us to give a tolerably uniform temperature 
drop through that length down to about C. Should coky carbon form within 
the tube the operation should be at once interrupted until it is removed, since 
the tube will soon plug up and the (piality of tlu; gas will sufTer at once. The 
tubes are horizontally arranged as this facilitates quick travel of unstratified 
homogeneous currents of mixed vapor and gas therethrough. 

It is best to supply the oil to the tube as Ikpiid, Hooding the feed end of the 
tube and allowing vaporization to take place inside rather than supply it as pre- 
formed vapor or lus spray since this procedure has been observed to afford more 
uniform action. The amount of feed should be so correlated to the size and the 
heated length of the tube and the temperature that a substantial amount of easily 
condensable heavy oil vapors will emerge with the effiuent gaseous products of 
reaction. This amount with advantage is not less than 10 per cent of the amount 
of oil fed in, and may be more, up to .35 to .50 per cent. With 10 per cent, in 
normal operation it may be said that often from a (piarter to a half an' cracked, 
oily products and the residue is unchanged original oil. In normal operations, 
the recovered oil is free of tar. 

This excess of oil is rcaihly recovered by air-cooling the gas exit conduit and 
is returned to be mixed with fresh oil for re-passage. Th(‘ excess of oil serves 
several important jiurfxises. It acts to shield thi^ unsat urab'd gases from break- 
ing down, as a diluent to redu(;e th(' partial pressure of ethylene, jiropylcne and 
other bodies, and in its condensation to scrub the issuing gas, removing vapors 
of easily volatile oils which may be formial. (las formed in a given tube at a 
given temperature, freed of the exce.ss of oil and run back through the same tulx* 
at the same temperature (but in the absence of oil vapors) is apt to be modified 
considerably. 

The particular temperature to be used may vary somewhat; but should be 
around 7(fi° C. (1292° F.) in making ethylene as a principal product, not varying 
more than 50 to 75° C. either way. Aliout 8(X)° C. (1472° F.) is, as stated, a 
danger limit. Operating with a J-inch tube having a heated length of about 30 
inches, wuth an internal tem})erature of about G.50° C. (1202° F.) the formation' of 
gases is slow, though such gas as is formed is of good quality for the present pur- 
poses. With this heated length of tube at tliis temperature a considerable amount 
of cracked, low-boiling liquid bodies will be formed; and proportionately low gas. 
At GG0°C. (1220° F) to 700° C. (1292° F.) with such a tube, the conversion is 
good; at 750° C. (1.3S2°F.) it is quite rapid and care must be taken to insure 
quick passage of gas with short exposure to heat. 
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With a half-inch tube heated for 30 inches and with enough oil feed to give 

10 to 50 per cent condensable oil in the effluent product, the giis emerging will be 
white and foggy (from condensing oil). Any tinge of brown shows formation of 
tar and irregular operation. On air-cooling the effluent product, as by passing it 
through 8 or 9 feet of similar tubing, heavy oil will be condensed out and may be 
nanoved, carrying with it any giasolinc-likc hydrocarbons or other low-boihng 
liquid hydrocarbons. 'Uhe gas will contain 45 to 50 per cent olefins (mainly 
ethylene with a varying proportion of pro])ylene and butylene), 4 to 5 per cent 
apparently other aliphatic unsaturated hydrocarbons and the residue mainly 
ethane with a little hydrogen. With a heated length of 00 inches in a (piarter 
inch tube and an oil feed rajnd enough to give substantial amounts of unchanged 

011 emerging, the proportion of propylene and butylene will be raised and that 
of (‘tliyhiiic lowered while the amount of the other unsaturated aliphatics will 
increase materially. With a tube of this length, the time of exjiosurc of the oil 
to the heat will be about 5 seconds in normal operation. 

The mixture of oil vapors and gasi's emerging should be cooled to condense 
out the heavy oil, and with it such light oils as may be pre.scmt. Air cooling or 
water cooling may be employed; the latter particularly with comparativ(*ly low 
temperature ojieration (say around 650'" (' (1202'' V )) where a (‘onsiderable propor- 
tion of “cracked” gasoline may be formed. It may next be l(‘d through a filter 
to remove foggy particles of entrained oil. 

After removing the heavy oil by cooling, the gas is purified If made from oils 
containing aromatic constitiuaits it may contain some Ixaizene, toliume, ct(‘ , and 
m this <‘ase it is scrubbed with wash oil to absorb and remove th(‘m. ddie con- 
densing oil in (!ooling will take out some benzene; but as this oil is returned for 
re-passage the ((Uaiitity of bcnzeni' increases until it appi'ars in th<‘ gas. From 
the wash oil, benzene and toluene may be recoviTcd bv simple distillation. With 
crude oils consisting of aliphatic hydrocarbons, aromatic hydrocarbons are not 
formed to any extent, it is said. 

The composition of the products will vary somewhat with that of 
the original oil and with tlie details of oiieration. However, presuming 
a good petroleum witli the vapors exposed to a tem])eraturc of about 
GGO^ (k (1220° E.) to 700° C. (1292° F.) for, say 2 seconds, as in running 
through a hnlf-ineh steel pipe heati'd for about G to 30 inches witli 10 to 
40 p(‘r cent oil passing on Ix'yond for condensation, the gas will usually 
run about 45 to 55 i^er c(‘nt. ohfflns; 4 or 5 ])er cent acetylenic gases; 
4 or 5 per cent apparently other unsaturated aliphatics; a little hydrogen 
and methane and the residue mainly ethane. Of the olefins, two-thirds 
or more, it is said, will be (dhylene with the n'sidue mainly propylene 
and a little butyh'iie. If the time of exjxisure to heat be increased, 
as*by running the oil through <80 to 90 inches of heated quarter inch 
tubing the other aliphatics m:iy go up to 8 or 9 piT cent and the pro- 
portion of propylene will iiicreasi’. 

The olefins and other unsaturated aliphatics may be absorbed and removed, 
allovNing the ethane, methane and hydrogen to go forward to serve for combus- 
tion purposes. Or the products may be chlorinated. For example, the gas may bQ 



290 


MOTOR FUELS 


treated with chlorine or bleaching powder, etc., to j)roduce condensable halides of 
the varicus olefins and dit)lofins, and these condensed or absorbed out to haive 
the ethane. With plenty of chlorine, the ethane may also be chlorinated, i)ar- 
ticularly in the presence of actinic light. Admixing the gas with air or oxygen 
and passing over catalyzers such as platinum or palladium, various useful oxi- 
dizi'd products may be obtained and condensed or absorbed, leaving the ethane. 

The apparatus used is shown in Fig. 122. 

A is a bank of short narrow tubes mounted in parallel and heated by a 
burner. These tubes are about 30 inch(‘s long by an inch to 1.5 inches internal 
diameter and are made of heavy steel. At one end, the tube receivi's heavy oil 
from a main and at the other it is connected with an air-cooled conduit. This 
conduit is six to eight feet long. As show’n, the tube is provided with caps at 



each end by the removal of which it can be readilv cleaned (leaning is nei'es- 
sary since if coky carbon is once formed not only is the gas injured but the narrow 
tube usually promptly plugs up by the accumulation of carbon Idic presence of 
a little carbon in the condition of lampblack or soot does no harm, this carbon 
not having the detrimental catalytic effect of coky carbon. The air-cooled conduit 
communicates with an oil main B where the oil, condensed in air cooling, accumu- 
lates. It is removed from time to time and returned to the oil feeding device. 
Beyond the oil main is a scnibber, for removing any entrained oil. As shown, 
there is a purifier (- containing c.xcelsior or other fibrous material. Unless the oil 
contains fjulphiir, this simple device is all that is necessary, (las leaves the puri- 
fier through a conduit. If it be desirable, as it generally is, to chill it further to 
recover diolefins, the gas pas.ses through coil I) in ve.ssel E kept filled with chilled 
oil, calcium chloride .solution or oth(‘r lifiuid capable of withstanding temperatf/res 
as low as 0° U. Uonden.sed thiTeby, the.se diolefins flow' dowm into a receiver 
which is shown in a cooling casing kept filled with chilled oil, etc., while the gas 
flows to a place of use. This chilling is desirable since these unsaturafed ah- 
phatics are of commercial value and worth recovering. Unless the original oil 
contained aromatic constituents, as is the ca.so with some varieties of petroleum, 
the gas will not contain benzene, toluene, etc. If however aromatic constituents 
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exist in the original oil there will be some benzene and toluene in the gas, and 
th(‘se if not otherwise removed are condensed with the other (^lulled condensate 
from whicli they may be separated. It is jireferred to use for the lieatmg means 
a simple unobstructed cylindrical tube and to avoid the use of catalytic bodies, 
such as reduced nickel, coi)per, cobalt, ete., sini^e any packing or other devices in 
tlie tub(^ lead to delay in the flow of gas and, then^by, to damage in the ethylene. 
And 111 the presence of catalytic bodies, as noted with regard to coky carbon, the 
action is apt to lie other than simple di^polymerization. 

The ^as making operation is under ordinary atmosiiheric pressure. Small 
changes in pressure, cither to less or to greatiT pressure, do not much (change the 
results. Removal of the diolelins may be aided by th(‘ use of pressure or by the 
use of a little wash oil, from which they may be afterward distilhal. If desired, 
the propylene and butylene may then b(^ ri'covered as such by compressing the 
chilled gas to say 100 to 120 pounds pressur(\ This will leavi* th(‘ (‘thyk'ne and 
('thane in gas form and condc'nse out propylene and but\lene as lupiids. It is not 
ordinarily w’orth while tt) condi'n.se the (‘thylene and ethane by great cold and high 
jiressuni and then fractionate since the ethyh'ne is so easilv absorbed and removed 
chemically or physically. Ry condensing out the propylene and butvh'ne, prac- 
tically (aiily ethylene is left admixed with the (‘thane and this mixture is proi^osi'd 
foi making pure etlivk'iie products. Similarly, tin* luopyleiK* and but\l('ne (which 
can be easily separated by fractionation) can be so used In most reactions how'- 
ever the various olefins give products w'hich can easilv separated from each 
other and it is simpler to treat the ini.xi'd giuses rather than to sejiarati' tlu'in 

\Vli(‘re c( 3 ncentrat('d olefinic gas is di'siri'd tins can be attained by physj(;al, as 
distinguished from chemical, absorption. Manv oily bodu's, such as (ul of tur- 
jientme, petrolc'ums of aromatic natun*, tar oils, etc., have much more solvent 
l)ow(‘r for ok'fins than for ethane; and by waishing the gas with tlu'se oils, the 
ok'fins can be partly removed in solution, leaving the ethane to piuss forward 
as gas The chargt'.l oils can then be stripped of tbeir olefins by heat or vacuum, 
or both. In the case of some crude oils containing ‘‘ colloidal (‘arbon ” or as- 
phaltic constitiu'iits, some little coky carbon may develop at the point where the 
oil IS vaporized, with a direct flooding f(‘(xl of oil to the tube-retorts, but this 
(lix's no harm :is long lus it do(‘s not (‘xtend to the portion of the tube whic.h is 
hott(T; the gasifying zone proper. A flooding Red ki'eps the portK^n of tube con- 
taining li(piid oil at a temperature about (he boiling point of such oil. Ixven at 
this, coinparutively, low temijerature an amount of, say, 2 pin* cent “ colloidal 
Carbon ” in t he oil is stated to develop b to S per cent coky carbon, apparently 
by catalytic action. With oils of this character and with a flooding feed, the heat- 
ing should be managed so as to maintain the valorizing z(me distinct from the 

gasifying zone jirojier. With c.arbon-containing or asphalt-containing oils it Is ofti'ii 

useful to have a separate vaporizing device, giving a vapor feed in lieu of an oil 
feed to the giusifying tube-retorts. * 

In recovering the okTins, instead of chilling the gas, it may be scrubbed wnth 

])on 
un- 
saturated alij)hatic hydrocarbons. By chilling the gas to about - 15® to 20 
and then scrubbing the chilled gas with chilled heavy oil, the latter seems to take 
up some di vinyl whi(^h may thus be recovered in a tolerably pure state, other 
unsaturated aliphatics having been separated by the (dulling. 


cold c(jncentrated sulphuric aci(l which is claimed to have but little action i 
tfie olefins proper. The acid solution upon dilution separates polyiiM'rized 
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Seeger ^ passes the hot exit gases from his tube cracking operation 
first intt) vapor collecting tanks, then through condensing coils and 
finally into a storage tank. Fresh oil is led to the cracking coils through 
coils located in the vapor cylinders so as to utilize the heat in the li eated 
vapors to preheat the frc'sh oil. Steam is generated in flash ” boiler 
tubes by the waste heat from the cracking furnace, passes into a steam 



reservoir and is then mixed with 
the oil before its treatment. The 
fresh oil, besides abstracting waste 
heat from the hot cracked vapors, 
also passes through the steam 
reservoir and thereby receives an 
additional preheating. 

The oil to bo treated is pumped 
either through preheating coils in one or 
more vai)or collecting tanks or through 
a preheating coil in the steam drum or 
through both. /Vfter being preheated 
the oil passes to each of the cracking 
coils, Fig. 123. The arrangement of the 
valve and connections is such that the 


Fig. 123. — Sceger’s pipe still for dccom- steam and oil are sui)i)lied to the same 
posing oil in the presence of steam. portion of each cracking coil and that 

the supply of steam and oil to each 
cracking coil may be cut off or varied without disturbing the supply to the other 
cracking coils. 


The cracking coils are subjected to a temperature not lower than 
750° F. (399° C.) and the valves in the pipes leading to the storage 
tank are so set, and the supply of oil regulated so as to cause the main- 
tenance of a high pressure in the cracking coils, for example, from five 
to twenty atmospheres. In order to minimize the prodiudion of free 
carbon, it is said to be desirable to introduce moist steam into the 
cracking coils, that is to say, steam whose temperature docs not exceed 
250° F. (121° C.). The pump, however, which furnishes water to the 
steam generators for producing this moist steam, also produces the 
pressure 'necessary to force it into the cracking coils. The temperature 
of the steam is regulated by regulating the degree of heat in the furnace 
chamber in which it is generated. Each of the cracking coils is con- 
nected to a vapor collecting tank and ejich of thcvse tanks is connected 
to a condensing coil. The oil and water vapors produced in the crack- 
ing coils pass into the tanks, are condensed to a liquid state before 
issuing from the condensing coil and becoirie separated in a settling 
» J. S. C. I. 1918, 293A; U. S. Patent 1,259,786, March 19, 1918. 
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tank. Any uncondensod gas which reaches the settling tank is allowed 
to escape from it through a gas relief valve. • 

Pielsticker ^ employs a coil in series with a still or horizontal cylin- 
drical retort. The coil {D, Fig. 124) is made of iron pipes \] inches 
in diameter — the ends of which are open and the whole of the pipes 
embedded or inserted into a solid block of iron or refractory material E, 
provided with longitudinal channels through their entire length, into 
which the pipes fit. The ends of the pipes are closed by means of an 



iron cover F, which is provid(Hl with channels (J, so that the pipes D 
form one continuous coil. In this case the cover F can be easily re- 
moved and the pipes occasionally cleared of the carbon deposited inside 
from the heated oil by simply forcing an iron rod through the length of 
each pipe forming the coil. This construction of the heating-coil is said 
to be a matter of great importance, since it is impossible to clear an 
ordinary coil of the requisite length from any carbon adhering inside. 
Moreover, the coil being loosely inserted into the block of iron or of 
refractory material E, the whole length of the (^oil is permitted free 
expansion, and the joints are consequently kept tight. 

^ British Patents 6466, April 28, 1890 and 1308, Jan. 4, 1891; U. S. Patent 
477,153, June 14, 1892. 
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By passing the oil through the coil with great velocity the deposition of the 
carbon oi; heavy matter which would soon choke up the coil is prevented. This is 
done by graduating tlie diameter of the pipes I), forming the coil. For instance, 
the entire length of the coil is two hundred feet: the first fifty feet are constructed 
of two-inch pipes, the second fifty feet of one and a half inch pipits, and the 
last hundred feet of one inch pipes. Between the force pump and the inlet of the 
coil D a steam connection is provided for the purpose of emjitying the oil con- 
tained in the coil 1) at the end of the operation by a steam blast into a retort 
into which the other end of the coil I) leads; otherwise when the piimiiing is 
stopped the oil remaining in the coil D would speedily become carbonized ami 
choke the coil. 

The retort is provided with a number of vertical baffle plates causing the oil 
vapors to take a lengthened passage through the retort before thev can enter the 
condenser. A passage is h'ft in the lower part of the baffle plates in order to allow 
the ffow of the tar or residuum to the draw-oiT cock. 

When it is intended to produce lighter gravity oils, a valve is placed between 
the outlet of the retort and the condemser which may be kept open only so fur 
as to create a certain pressure of the gases inside the retort. 

If the manufacture of permanent gius or of very light oils Ls intended, the retort 
Ls directly connected with a .second cod similar to the one described, steam pre- 
viously superheated being simultaneously admitted with the oil vapors into th(‘ 
second coil by means of a steam injector ])rovidc‘d for the purpose. TIk' second 
coil may be kept undcT pn'ssure by means of a valve and connected with an ex- 
pansion-chamber or g;us holder and conden.ser, 

Swaton ‘ canic.s out a cracking process in two steps by providing a 
distilling zone in which crud(‘ p(‘trol(*uin is distilled in a j)rogressivo 
manner, so that hydrocarbons of a lower boiling i)oint an^ first dis- 
tilled off, and, as the temperature is rai.sed, hydrocai*bons of higher 
point are distilh'd. The vapors distilled and consisting of progressively 
higher boiling products are [lassed through the cracking zone in which 
the temperature is maintained from 100° to 400° Ch (212°-7o2° F.) high(M’ 
than the boiling point of the vapors pa.ssing therethrough, adapting the 
cracking temperature to the particular hydrocarbon vapors passing 
to the cracking zone. 

A (Fig. 125) indicates a still, B is n vapor conduit pipe leading to a 
reaction chamber C, which is a vertical pipe having an oval-sha]KMl 
cross section in order to facilitate the heat transh'nuici; from the sur- 
rounding furnace to reach the interior of the pipe. D is an expansion 
drum connected to the reaction chamber C from wliich a conduit h'ads 
to a dephlegmator E, provided with an outlet. The heavy hydip- 
carbons are led from the dephlegmator by means of a pump back to th(^ 
still A. In operation the oil is distilled, the heat being raised gradually 
to about 400° C. (752° F.). The vapors of the hydrocarbons of pio- 

1 J. S. C. I. 191S, 294A; Chem. Abs. 1918, 1511; U. S. Patent 1,200,731, 
March 26, 1918. 
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gressivoly higher boiling points, as the heal is iiua-eased in the still, arc 
led to the cracking chainher C, where they are subjected to ateini)er- 
alure of from 100° to 400° C •. (212°-752° P\) higher than the temperature 
of th(‘ entering vapors. The vapors coming from the still enter the 
cra(!king zone at the top and pass downwardly. Since the process is 
carried on at practically atmospheric pressure, this heating of the 
vapors tends to cause them to rise and retard their downward passage, 
prolonging the reaction time in the cracking zone. From the cracking 
zone the vapors are led to the dephlegmator and condensers, which 



separale llu' heavy, the light hydnx'arbons, and the incondensable 
gasi's in the usual manm'r. The heavier hydrocarbons are led back 
in(o tlu‘, still to b(‘ subjecti'd to the same cycle of op(*ration. I he 
advantagi; is stated to consist in subjecting a curnait of hydrocarbon 
va])ors of ]na)gr('ssively higher boiling points to atenpierature of 100 to 
400° (\ (2l2°-7r)2° F.) higher than the boiling point, thereby cracking 
th(' hydrocarbons, avoiding excessively high temperatures, except at 
th(‘ final stages of the cracking process, and producing a maximum 
amount of gasoline, tlu' yield being in somt; cases as high as 75 per 
cent on the basis of oil used. 

• J. R. Miller ^ cracks heavy distillates in a vertical retort or large 
tube (Fig. 126) and then pass(‘s the products into a comparatively large 
upright shell connected with the cracking tube. The pressure in the 
shell is the same as in the cracking tube but the temperature is lower. 
The upright shell is called a ‘‘ synthesis towaa*.’ Ihe purpose of the 
» U. S. Patent 1,312,265, Aug. 5, 1919. 
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so-callcd synthesis tower is to obtain saturated low boiling prod- 
ucts, thut is to say, to cause the olefins and diolcfiiis to become trans- 
formed into more stable bodies. This purpose, it is to be noted, is the 
motive underlying a number of other processes. 

In the “ synthesis tower ” employed by Miller, there appears to be 
a stratification of vapors of varying density since vtay light gases are 
pumped from the top of the tow(‘r back into tlu' cracking tube. From 
the “ synthesis tower ” “ the vapors pass to a steam-heated receiving 
chamber.’’ where a considerable back pressun^ is maintained, then to a 



Fig. 12(j. — Miller’s ‘‘synthesis tower.” 


separating chamber, also steam heated and finally to a cold water 
condenser. This process does not d(*pend on coiuhaisation under 
pressure for its results. 

Brownlee ^ defines the temperatures which are used in his tube 
cracking method as those in excess of the temperature necessary to 
vaporize ^11 the vaporizable constituents of the oil being treated, if the 
oil were distilled at atmospheric pressure, disregarding residual tars 
and cokes. He subjects hydrocarbon oils to a counter current of ga^, 
in a pifX'. system heated and maintained under pressure, in such a way 
that the heavier components separated at any point in the system 
undergo further treatment in the presence of a lc.sser concentration of 
the lighter vapors than at the point of separation. 

1 U. S. Patent 1,308,161, July 1, 1919. 
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The Synthetic Hydrocarbon Co.^ us(‘ a vertical tube of refractory 
material heated electrically by a surrounding coil, provided at* the top 
with a plug of loose refractory material through which liquid hydro- 
carbon is supplied to b(i gasified and then cracked. The products, 
which vary with the temperature, pressure, and the rate at which the 
gasifuMl material flows through the heated zone, pass through a con- 
dens(‘r to a licpud-cxillecting vessel having a pip(‘ leading to a pump for 
witlulrifwing the gas at the top. Light hydrocarbon oils arc produced 
at temp('ratures of ()()0M)()0° C. (1U2°-16:)2° F.) and pressures about 
(3 atmospheres. Permanent gases are produced in large proportion at 
a pri‘ssur(' of about 0.28 kilogram per square centimeter. 



Fig. t27. — Still ill scrios with crai'king cull acconliiig to Wollman. 


C. 0. North 2 has made laboratory experinuaits on tin* cracking of 
heavy miiu'ral naphtha, crude oil, and heavy kerosene to obtain a 
solvent gas()lin(‘, suitaldc as a rubber solvent. The oil was distilled 
under pressure from an iron still of about LJ gallons capacity and the 
vapor passed through a superheater consisting of a gas-heated tube 
connected with a reflux condenser fitted with a steam jacket. The 
h('avi(‘,r vai)ors were returned for further cracking while tlie lighter 
passed forward to b(' condensed and collect (xl. (Ias(*s formed were 
c#jllected in a small holder. ' The deposition of the carbon in the super- 
heat('r it is said was not excessive at the temperature of working (a 
dull r(‘d heat). Heavy kerosene gave the most satisfactory results. 
The yield of the solvent gasoline (30^-130° (^) (86*^-266° F.) was re- 
1 French Patent 480,653, Jan. 11, 1910. 

> J. 8. C. I. 1918, 3A; J. Ind. Eng. Chem. 1918, (9) 1038-1013. 
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ported to be up to 16.4 per cent and of motor gasoline (30°-150° C.) 
(8G°-302° F.) up to 23 per cent. 

The Ges. fiir Verwertung von Kohlenstoff Verbindungen ^ con- 
ducts hydrocarbon vapors, rising from a still, first through a vessel, 
the temperature of which is regulable and independent of the heating 
of the distillation vessel, and then to the condenser. 

Wellmann 2 passes oil vapors from a still A (Fig. 127) through a 
superheating coil B and then into a reflux condenser C. The reflux 





Fig. 128. — Wellman’s apparatus for indirect beating of oil vapors. 


condenser is composed of a number of inde[)endent units, connected in 
series. By suitably manipulating the valves D, any number of units 
may i)e employed, according to the gravity of the light oil which is 
desired i[ind which receives its final cooling and condensation in the 
coil E. Cracking takes place in B at 750° to 850° F. (399°-454° C.) at 
atmospheric pressure. Condensation is likewise at atmospheric pres- 
sure. According to another process described by Wellman hydrocar- 
lx)n vapors arc superheated under pressure in a pipe still, which is a 
double-walled affair, cracking taking place in the inner tube G, Fig. 128. 

1 Chern. Abs. 1916, 889; (lerman Faterit 284,118, July 20, 1912. 

2 J. 8. C. I. 1918, 3A; IJ. S. Patent 1,245,291, Nov. 6, 1917. 

8 U. S. Patent 1,335,768, April 6, 1920. 
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Oil heated to a cracking temperature circulates between the inner tube 
G and its jacket and supplies the heat necessary for cracking. (\)n- 
densation takes place under pressure partly in the aerial condensers E 
and partly in the water-cooled condenser F. A is a source of the 
hydrocarbon oil to be cracked, and B is a force pump for applying 
pi'cssure to the vapors undergoing treatment. C is a pump for cir- 
culating the heated oil which supplies heat to the cracking tubes.^ 





In opc'rating tub(‘ stills or retorts for cracking purposes Wellman^ 
considers it bc'st to charge the tul)e still only to about one-tenth of its 
volunu' capacity with the oil which is to be tn'ated. Wellman claims 
that by charging only to this amount a maximum yield of cracked ma- 
t(‘rial is obtained. The operation is carri(Ml out intermittently, the tube 
being chaiged with oil, heat(‘d under pressure and discharged. Tem- 
peratures employc'd range bc'tween 750° and 900° F. (399° ami 482° C\) 
and the pressures vary betw(‘en 100 and 000 lbs. The still is heated 
until the pressure reaches the maximum point, when the contents of the 
racking tube are forcibly dfscharged and by such operation any carbon 
which has formed in the tube is swept away. In another case Wellman 

^ For other methods described by Wellman see also U. 8. Patents 1,323,3(S3, 
Dec. 2, 1010; 1,328,408, Jan. 20, 1020; 1,335,707, 1,335,700, 1,335,770, 1,335,771, 
1,335,772, 1,335,773, and 1,335,771, April 0, 1020. 

U. S. Patent 1,347,507, 1,347,508, 1,347,001, July 27, 1020. 



300 


MOTOR RIELS 


recommends scouring; the cracking; tube with superheated steam under 
pressure after each cracking operation. The coke and tarry residuum 
is thus swept out before it has become closely adherent to the walls of 
the retort. 

The apparatus used by Trumble ^ consists of a furnace A, Fig. 129, 
in which is placed a heating coil. The heating coil communicates 
with the interior of a vapor releaser B which is placed in a closc'd cham- 
ber in open communication with the interior of the furnace. Vapors 
from the vapor releaser are carried into a cracking (diamber C in which 
they are mixed with the hot gas(‘s of combustion and with superheated 
steam which is primarily produced by a steam coil and nozzle located 
in the bottom of the furnace A. Draft is producc'd in the various 
portions by means of a suction blower D which delivers the combined 
gases into a scrubber, in which the carbon, tar, elc., are removed, a con- 
denser being provided for comhaising the volatile pi’oducts. 

The primary heating coil consists of a number of pipe's which pass 
longitudinally through the furnace, and which are piovided with end 
connections so that they are connecteal in a single series, tlu' oil entering 
this series through an inlet pipe 11 and leaving it through an outlet 
pipe K, The pipe K extends up and connects into the va})or releaser B, 
the oil from the coil passing downwardly through the interior of the 
vapor releaser. This vai)or releaser consists of a metal she'll in the 
center of which is located a vapor pipe M having peiforations in it. 
The vapor pipe is provided with a serie's of spreaeU'rs which tend to 
force the down flowing oil against the inner walls of tlu^ slu'll, and at the 
same time to protect the perfoi*ations from the' down flowing oil, and 
to provide a se'ries of pockets in which the vapor may cool. The in- 
terior of the chamber B is connectc'd to the chamber C by means of a 
mixing passage and the pipe M projects into this passage and is provided 
with a vaporizer on its end. This vaporizer is provid('d with holes 
so that the vapor from the vapor releaser is thoroughly mixed with tlu^ 
hot products of combustion from the burner and with steam. The 
cracking chamber C is provided with a conical bottom which has an 
outlet pii^e. The vapor releaser B also has a similarly shaped bottom 
and is likewise provided with a!i outlet pipe. 

Porter and Rider ^ state that if a fuel liquid, such a.s a heavier hydrocarbon nW, 
for example, kerosene, he s\ibjeeted, when in a finely divided condition, to the di- 
rect action of a naked flame for a properly limited short length of time, the lupiid 
fuel will be converted into a combustible vapor well adapted for use as fuel in an 
internal combustion engine. They pass the finely divided liquid material into a 

1 U. S. Patent 1,304,12.'), May 20, 1919. 

2 U. S. Patent 1,064,086, June 10, 1913. 
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flame of sufhcieiit extent and intensity to effect only a vaporization of the liquid 
material while it is present in the flame, so that the material emerges from the 
flame as vapor, the vapor beinjj; generated m the flame and jiassing out of it at 
high velocity, and given freedom for expansion. 

J. E. Holmes ^ passes a iiiixttiro of oil (k(‘roseno, or gas oil) and 
natural gas under prossun^ through a coil of pipe heated to a cracking 
temperature and then expands the nviction products adiabatically. 
It is said that the method is not attendc'd with the difficulty of carbon 
dt^posit and that a sweet smelling gasoline is obtained. 



Fig. 130. — Holmes' metliod of cracking in the presence of natural gjxs. 


In Fig. 130, a retort or heater A is heated hv a suitable furnace B and con- 
sists of a coil of pipe, ('oimected with the terminals of this coil are (iondiicting 
])ipes a and h. The intake pipe <i serves as a combiiu'd (conducting and mixing 
conduit, in which the oil or distillate employed is commingled with natural gas, 
the oil and gas biMug forced through th(‘ [)ipe <i to the coil A by m(\ans of ])umi)S 
c and d, a meter being provided in the intake pipe for indicating the amount 
of the oil ])U raped to the coil, and gages being arrangial in the branches of the 
intake pipe a leading from the resiiective pumps for indicating the pressures of 
the oil and gas. The mixture of oil and gas forced into the coil A, in tht‘ ratio 

of two volumes of gas to one volume of oil, is subjected, while under compara- 

tively high jm'ssure, to a high tc'miierature. The pres.sure in the retort A is 
varied from ."iO to 100 pounds per sriuare iiwh, d(‘pending on the temperature, 
which is maintained at from to IKKFF. (39tr-.')03° ( -.), depending on the 
dc'nsity of the oil to be cracked From the coil the vapors and ga.s chscharge 
through the outh't pipe h and pass to an expansion and separator drum C, a 
pyrometer and a gage being provided in the pipe h to indicate the temperature and 
pressure. There is also a pressure regulator I), by means of which the pressure 
of the vapor and gas flowdng to the expansion drum may be governed and the 
jiressure of the vap<^r and gas within the drum regulated. The drum C con- 
sists of a cylindrical vessel having at its top an inlet, with which the pipe b is 

1 J. S. C. I. 1917, n73A; U. S. Patent 1,211,979, Oct. 2, 1917. 
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connected, and an outlet and having at its bottom a drain pipe. The latter has 
a controlling valve. The inlet and outlet are separ:ited by a vertical bailie, 
so that the vapor and gas entering the expansion drum iiass downward into 
the drum and arc prevented from taking a direct outlet through the discharge 
connection. The vapor and gases jiassing mto the drum are caused to expaml 
undi'r adiabatic comhtions. This allows the heavier constituents to condense ami 
precipitates the tar and coke. The lighter and more volatik^ constituents and gas 
remain in a giuseous state, owing to their high temperatun', and discharge through 
the outlet. 

ddic pressure in the retort .1 may vary from .'iO to 100 jioimds jx'r sipiare 
inch and the temperature from T.aO'* to llOO'^ F. dependent upon the density of the 
oil to be cracked. The temperatun' and pressure maintained by direct heat, is 
such, with relation to the specific gravity of the oil under treatment, as to effect 



Fig. 131. — Pi{x* coil embeddi'd in iron, jiropo-sed by J. L. Gray. 


a thorough mixture of the vaporizable {lortions of the oil with the gas, and alsu 
to place the mixture in such condition that when raisi'd to a high(‘r tempera- 
ture and pressure, it will be adapted for adiabatic expansion to precipitate' all 
of the heavy constituents. This highi'r temperatun' and pn'ssure is secun'd by 
the use of the pressure regulator /), which conlim's the mixture in the retort, by 
establishing a resistance to its ilLscharge. 

The vapors and gas dischargi'd through the outk't c ])ass through a pipe / to a 
primary comlensing coil E arranged within a cook'd condensing chamber. From 
the coil the condensate and g;us pass into a sejiarator F, in which the noneon- 
dens.ible gas is .separated from the condi'nsate. The condensate dischargi's through 
a pipe g containing a controlling valve //, while the gas discharges through a 
pipe m having a controlling valve ri, through which ])ipe the gas is conducted to 
the retort furnace B for the pur]iose of utilizing the gas as a fuel. The pipe g 
leads to a pair of stills for distilling off ga.soline and kero.sene. H and IF arc con- 
densers for these stills. 

Whitaker and Alexander ^ state that the composition of th(‘ products 
obtained in making oil gas vary with the rat(' of oil ha'd and hence 
with the time factor. This variable is stated to be as important as the 
other three, temperature, pressure and concentration. Only by proper 
adjustment of all four, it is said, can maximum and minimum per cent 
* J. Ind. Eng. Chem. 1915 (7), 484-95; Chem. Abs. 1915, 1842. 
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of the Viirious constituents in the products formed by the decomposition 
of petroleum and petroleum distillates by heat be {)btained. 

Cowper-Coles ^ obtains motor fuel by passing oil vapors through 
small tubes heated to 926° (1700° K.). 

Davis ^ heats petroleum oils in retorts connected with a common 
header, withdraws the gases from the header and passes them through 
cJiecker work heated to 1000*^ to 2000° F. (871° to 1093° C.) in order to 
produce fixed ” illuminat ing gas. 

C. B. Wade ^ describes a device for decomposing kerosene to yield 
gas for heating or lighting. Essentially it is a retort in which pre- 
heated kerosene is distilled and decomposed. The kerosene furnishes 
the heiit supplied to the retort. 

A devi(;e for protecting tubes which are to b(^ used for cracking oil 
is proposed by J. L. Gray.'^ As shown in Fig. 131, the tubes comprising 
the cracking still are embedded in the wall of a hollow cast-iron cyl- 
inder. The thickness of the wall of the cylinder may be varied to 
suit spc'cial cases. It would appear that not only is the life of the tubes 
iucreas(Hl by this method, but a more constant cracking temperature 
also obtained. Th(^ horizontal tubes are connected at their ends by 
retui-n bends, and by unscrewing these and the flanges, any tube or 
group of tubes may be iH'adily removed for re|)air or cleaning. The ap- 
paratus is claimed to have considerable advantages over the older form 
of continuous coil pipe still. 

‘ T^ritisli P;it(‘nt 27,04.5 (lOGO). 

2 U. S. Fat(‘nt 1,05.S,()()0, Apr. <S, 101.3. 

» U. S Patent 1,304,227), May 20, 1019. 

* U. S. Pat.ait 1,3.31,900, Feb. 24, 1020. 



CHAPTER XIV 


TUBE CRACKING IN THE VAPOR PKkSE — Continued 
Hallos Process and Methods 

Hall’s method of producing gasoline from heavy distillates repre- 
sents one of the few commercially promising vai)or phase' tube methods 
of making gasoline or motor s[)irit. Three of the main difficulties 
attending vapor-phase tube methods, viz., production of carbon deposit, 
accompanied by a large amount of waste gas and the consequent highly 
unsaturated character of the low boiling condensed product, have been 
attacked l)y Hall. His method of procedure in proposing to solve these 
problems constitutes the main portion of the text that follows. 

Lomax ^ states that “ HaU’s process (for decomposing heavy oils 
to yield motor spirit, benzol and toluol) modified from time to time, as 
experience has been gained, is one, proba))ly the most successful, of 
those being worked.” ^ 

Cracking with Subsequent Endothermic Reactions between the 
Hydrocarbons 

Hall ^ believes that high temperatun' makes for high imsaturation, 
which has been a great objection to gasoline obtained by cracking. 
When, however, the temperature decliiu's below a certain point, the 
conversion into motor spirit rapidly decr(‘as('s. To just, what ('xtent im- 
saturated hydrocarbons are objectionable is siibji'ct, he beli(wes, to 
a great difference of opinion. The general bc'lief is that they are 
much more inclined to give a smoky exhaust, and to form carbon or 
soot deposit in the cylinder and on the plugs. Any large portion of 
unsaturated hydrocarbon in a crackc'd spirit is, however, extremely 
objectionable, according to Hall, for the reason that the resinous carbon 
colloid,” so common to cracked gasoline, exists largely, if not wholly, 
in the unsaturated portions. This, it is said, is the matter that gives 
cracked gasoline the varnish-like odor, that is frequently so noticeable. 
The color and odor is not wholly due to the resinous coloring matter, 

1 “ The Pyrogenesis of Hydrocarbons ” by Lomax, Dimstan and Thole, 
Journal of the Society of Petroleum Technologists, 1910 (.■^), 30-120. 

2 In England. * Hall, J. Inst. Petrol. Tech. 1915 (1), 147. 
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nor to the percentage of unsatiirated compounds, and the color and 
odor vary greatly with the character of the oil that is used. Some 
fully saturated oils may give a deep colored cracked gasoline, and some 
(juite unsaturated oils may give a very light colored product. The 
resinous substance appears to be a product of slow oxidation. It is a 
result, of high temperature. 

However, if th(^ temperature is dropped to a point where these 
n'sinous products are not created, it is stated that the yield of gasoline 
may decrease to a point below that of profit. Tlu'sc' conditions may 
be met, according to Hall, by hydrogenating tlu^ imsaturatetl bodies 
produe(‘d as a result of high tem[)erature, but it is (‘laimed that at the 
ihm) of his observations (1015) this had proved altogcdlu'r too expensive 
for commercial us(\ 

•A better way (Hall, ibid.) is to avoid th(‘ formation of the varnish- 
forming ” compounds by opeiuting at comparatively low temperatures 
and th(‘n to combine the gases which are not readily condensed 
with the (condensable vapor in a nuMchanical compinssor at a slightly 
elevated tcauperature. HalP sums up the various st(‘ps by which the 
n'siilt reh'rrc'd to is ac(complished as follows: 

1. ('racking an oil — (whmh may be crude, “gas,” fuc'l, lamp or 
almost, any distillate that in itself has a range of boiling t(‘m})eratur(‘s 
that would not permit its use as a find in th(‘ ordinary automobile^ (‘ii- 
giiud — in a continuous tube of small siz(‘, one to tlnve inches in diaiiK^- 
t(‘r, and of suthcicait haigth, at an av(‘rage temperature of from 540° to 
600° ('. (914°-1112° F.) and imdea- pirssure of about 75 pounds per 
scpiare inch, with a rat(c of flow of oil in the pipe' ingulatenl to j)roduce‘ 
a maxiinum of cracking with a minimum of fixed or pe'rniane'nt gas 
consistent with economy of opeantion. 

2. Expanding the product subseaiuent to the cracking operation 
by reducing thee pressure'. 

3. C'ooling the vapors and gase's when in this (‘X])ande(l state and 
from them separating fractions which have relatively high boiling points. 

4. Producing an endothermic chemical reaction between the gases 
and vapors, by compressing them under adiabatic conditions, in a 
mechanical comi)ressor to a pressure from 100 to 125 pounds per sepiare 
inch together with all the gag that has been producetl along with all 
thfi spirit vapors that boil below the point of “ cut,” admitting these 

» Hall, J. S. C. I. 1915, 1045; Chem. Ahs. 1917, 2043; Chem. Abs. 1917, 3427; 
Chom. Abs. 1910, 2031; British Piitents (i009, April 22, 1915; Int. (^onv. May 11, 
1914; 12,902, May 20, 1914; 4:i7, January 7, 1914; 103,720, March 4, 1916; 
U. S. Patents 1,239,100, September 4, 1917; 1,239,099, September 4, 1917; 1,2S5,- 
136, November 19, 191<S; Swcdisli Patent, 43,730, Mar. 6, 191S; U. S. Patent 
1,175,910, Maredi 14, 1910. 
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into the cylindei- of the compressor at a temperature sufficiently high 
so that they enter while in the shape of vapor and mist. The fixed 
gas that has not been attached is separated after cooling subsequent 
to the mechanical compression and is collected for other us(^. There 



may be a small amount of heat radiated or otherwise lost from t'ne 
surface of the compressor to the outside atmosphere but no heat is 
purposely taken away or added to the system. 

5. Clarifying and deodorizing the product by extracting the yellow 
resinous colloidal matter which it contains, by distilling it, in the pres- 
ence of a small amount of fuller's earth. 
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Figure 132 shows the apparatus used, up to the condensgtioii of 
the motor fu(‘l. 

Tn practice a crude oil or a distillate which may be a gas oil ” 
of about O.cSbO specific gravity or a fu(‘l oil of say 0.950 specific gravity 
or a low grade burning oil of about 0.82 specific gravity is selected. 
This oil is forcL'd by imvins of a pump through a coil of 1" or 1^" 
pipe', 2, Jocated al)ovc a furnace where it is preheat(‘d by the hot products 
of combustion. It is t Ihmi passed through the cracking coil 4 heated 
by burners to an avc'rage t(Mnp(‘ratiire of from 540° to 600° C. (1004°- 
1112° F.) according to the oil us(‘d. The temperature of the gases and 
vapors conveycKi in th(' tubes may be of somewhat lower temperature 
than that existing at th(‘ exterior of th(‘ tube, o])posite the same j)oinl, 
varying with the rat(^ of How of th(' fluid in the coil and slightly higher 
at* th(‘ bottom of the bends and slightly low('r at lh(' top. As an ex- 
ampl(‘, the oil is laimped through tlu^ cracking coil at about the rate of 
50 to 70 gallons per hour. This rate will b(^ varicnl with the quality of 
th(' oil us(mI. Th(^ kaigth of tubing of coil 4 is about 320 feet. The rate 
of How and the length of coil nu'ntioiu'd arc given, it is said, as examples 
of rate and length producing good results; the rate of How may be 
incieas(Hl or reduced by quit(‘ a conskh'rable amount without gn'atly 
changing the result. The coil may be incn'ased in haigth but if of 
l-inch pip(‘ could not l)e rcMluced much below the figure mentioned 
without changing the result. The cracking coil 4 is la^ated with gas 
or by the combustion of oil, coal or coke. Oil is ])artially cracked 
and th(‘re is ])roduc(‘d a consid(*rable amount, of gas which would re- 
main as permanent gas under ordinary conditions. From coil 4, the 
gas('s and cracked oil in the states of vapor pass in the direction of the 
arrow through a pip(‘. which is fitt(‘d with a valve. This valv(‘ is used 
as the main throtth^ and governs the amount of oil passing through 
coil 4 and also goveans tlu‘ pressure maintained in that coil. A pres- 
sure of about 75 j^ounds pea- s(iuare inch maintained in coil 4 appears, 
it is said, to give th(‘ best results. After passing the throttle valv(‘, 
the gases expand into the (h'phlegmator 9 fitted with an air jacket and 
filled with short pieces of pipe, in which the pressure is decnaised from 
75 pounds per square inch (the pressure within the coil C) down to 
about 10 pounds per square -inch or U'ss and the t(an]Ma’ature is reduced 
clown to about 325° C. (617° F.). Carbon is thrown out in large quan- 
tities by the expansion of the gases and collects on the filling material 
in this and the succeeding dephlegmator. 

The portions of oil not volatile at the temperature of about 325° C. 
(617° F.) condense in de})hlegmator 9 and are extracted from the 
bottom in the form of a “ heavy residue ” of a gravity of about 1.0. 
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The nipre volatile portions pass on in the direction of the arrow and 
through a second dephleginator wlua'c th(' t(‘inperatiire is reduced to the 
point at which it is desired to mak(^ the final cut.,” usually about 180° 
C. (350° P\). The condensable portion is also ('xti-acted from the bot- 
tom of the se(‘ond dephleginator. The ix'sidue is ti'rmed ‘‘ light residue.” 
This is usually of a gravity of about 0.880 and is usc'd as raw material 
for a second run through the cracking coil. The portion volatile at 
the temperature of the cut (for examph^ 180° Ck) (350° F.) accompanied 
by all of the gas is then passed through a s(‘])arating tank (from 
which any liquid ma}^ return to dephleginator 14) and without furthi'r 
cooling the vapors and gases are passi'd through tlu' eylindc'r of a me- 
chanical compressor 17 in which the prc'ssure is raisi'd, up to 100 or 
125 pounds pia- square inch. In the cylindia* of this (Himpressiir there 
is stated to be produced between the products an endothermic reaction, 
which is shown by a decrease in tempi'ratuix' at the (‘xit as compared 
with the inlet or at any rate l)y a much less increase in temperature 
than would occur provided no endothermic cluanical action took pla(;e. 
Th(' product is then passed to coolers, and then to a receiver where the 
liquid collects, and the uncondensed gas is vented. 

The product is said to be (piite slabh' and of a yellow color and has 
a disagreeable varnish-like odor. It contains a material which, upon 
evaporation of the liquid, remains as a dark orange, non-diving sub- 
stance, with a strong odor. This i)roduct ac(‘ordingly could not w(h 
be used as a successful automobile fiuh It is clarified and naidered 
water white and its disagnvable odor removinl b}^ redistillation without 
the loss of its large fractions boiling at low t(Mnp(‘ratui(^ and without 
much change in its specific gravity. This is ('ffected by agitating the 
spirit with about 10 per cent of its weight of fulk'r’s earth, s(‘parating 
the spirit from the mineral matter and distilling it. Although this 
agitation removes, it is said, v(‘ry little of the color (judging by appear- 
ances), when distilled the distillate is water white. The cedoration and 
odor may be removed by direct distillation of tlu' spirit from a mixture 
with fuller’s earth or the clarifying of this crude yellow sfdrit may be 
effected by treatment with a small amount of sulphuric acid, according 
to Hall. 

Concerning the affixation ” of the w(4 ” gas<‘s in the mechanical 
compressor. Hall ^ states that the 

‘‘ amount of easily condensable fractions that arc contained in a gas derived by 
cracking an oil are so small in proportion to the whole, that simply its fuidition 
would not constitute any very considerable gain. We have scrubbed such gases in 

* In a paper read before the Institution of Petroleum Technologists, 1915, 
pp. 147-166. 
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the irio«t effective mannc'r, obtained the condensable portion, and calculated to 
what extent it would increase the yield from its simple addition. This has 
amounted to from only f) to S pen- cent against an average increase of fully 38 per 
cent by its (lUachmetU in the manner which has been adopted; but the most im- 
portant point IS that this 33 ])er cent addition is (dl of the lightest gravity and 
lowest-boiling fractions, and makes an excellent working motor spirit out of one 
that would otherwise be of little value. ‘ ” 

“ This 33 per cent of increased light fractions is not gas in solution. The 
jiroporticwiate increase is sufficient to drsprove such an assumption. But there are 
many other iiroofs, perhaps the most important being that gas held simply by 
solution is largely dispelled by distillation. Yet this spirit can be several tunes 
distilled with very little lo.ss of the fractions boiling at the lowest points, and tins, 
when tlie condensation is at a normal temperature, conducted into an open vessel 
with no pressure.” 

It is iippuri'iitly tlie easily eondensahlo g;ases, wet gases, as Hall 
ctflls tluMn, whii^li im) capable of eonibining with the liquid unsaturated 
hydrocarbons boiling below 200'' (k (392" F.) produced together with 
licpiid saturat(‘d hydrocarbons. 

When certain kinds of oils are used, the amount of gas produced in 
the operation is in e\c(\ss of that which will combine with the liquid 
unsaturated hydrocarbons at an ehwtited temperatuiT in th(^ compres- 
sion and subsequent condensation. Or, some of the gas produce'd may 
b(‘ “ dry ” gas, that, is, gas whicli is not (nisy to condense, e.g., ethane or 
m(‘than(‘, and which does not ('asily combiiK' with the liiiuid unsatumted 
hydrocarbons. A irndhod of utilizing th(\se gases consists in chai’ging 
tlu'ni into bi'iizol or toluol or a mixture of benzol and toluol.^ When 
thi‘ ojxM’ation is pi’oiK'iIy caiTii'd out, the resulting liipiid is said to be a 
good motor fuel. 

The rcci'ivcr bcyoiicl the condcn.ser is partly filled with benzol, toluol or a 
mixtur(‘ of these, tiirough which the products of the proc(‘.ss piuss, or the benzol, 
toluol or mixture may be admitted into the receiver simultaneously with the 
products and in such a manner that these' products become intimately mixed 
and under the pressure that is usually maintained in tlu^ receiver tank. The ex- 
ce.ss of g;us obtained is to a considerable extent absorbed by the benzol and toluol, 
thereby de'creasing the amount of unattached gases passing from the receiver and 
giving a product with a very low initial boiling point. The boiling point of or- 
dinary benzol is approximately SO'^ (k (170'' F.), and that of toluol approximately 
110°(J. (230° F.), yet when thesi' liipiids are treated in the manner described, the 
initial boiling jioint of the mixture is found to be apyiroxirnately 25° C. (77° F.) 
to 35° (k (95° F.). In this manner the objections to bi'iizol and toluol as a motor 
fTiel jire largely overcome, it is said, by imparting to them an initial boiling point 
as low as or lower than that of gasoline, and at the same time saving much gas 
that would ordinarily not be recovered. 

^ Hall apparently means the percentage of volume increase in >ield from the 
action of pressure and heat on the partly unsaturated gases and vapors. 

2 Hall, J. S. C. I. 1915, 310 and 1045; British Patents 12,902, May 26, 1914, 
and 437. January 7. 1914. 
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Instead of expanding the reaction products to a low temperature 
after leaving the “ converter or “ cracjker,” Hall/ in one phase' of his 
work, cools the gases and vapors partly by air cooling and finally by 
water cooling, undc'r practically the same pn'vsslire as exists in the 
converter. The protliuds first pass through air cooled condensers and 
separators to remove matei‘ial boiling ai)Ove 200° C. (392° F.) and then 
through a condenser to liquefy tlu^ very volatile' products. In this 
particular proceelure no mechanical compressor is used. 

However, it is ce)nsiele're'd eiecieleally advantageous te) lower the 
pressure ^ as soon as the proelue;ts le'ave the converter, in orde'r to assist 
in se'parating free carbon and tarry materials. For example, if the' 
pressure in the cracking tubevs or converte'r is 70 pounels per square 
inch and the reaction temperature 550° to 050° (\ (1022° 1202° F.) the', 
pressure is lowereel to not much more than atme)spheric anel the tempe^n- 
ature to about 200° (I (392° F.). In Fig. 133 this e*e)e)ling takes places 
in the air conelensers B, B' anel the expansion take's place through the 
valve C. Products boiling abe)vc 200° C. (392° F.) are separateel in 
the chambers attaclu'el te) the air cejoled conelensers. The products 
be)iling below 200° U. (392° F.) represent the hyelrocarbons resulting 
fre)m the cracking operatie)n. Those may be diviele^el (Hall {loc. c/7.)) 
into two classe^s, first, gase's, anel se^e'ondly, liquids. The' liejuiels are 
largely of the olefin se'i ie\s anel as such arc not recommended as me)te)r 
fuels; but by e‘e)mpre^ssing be)th toge'ther in a mechanie*al ce)mpi-esse)r 
up to a pre'ssure e)f 125 pounds peT sepiare inch anel at a temperature 
ejf abe)ut 180 to 200° C. (350 to 392° F.) and then cooling together unele'r 
this pressure, it is stated*^ that the gases anel unsaturate'el liquiel hydio- 
carbons unelei-go a combination. 

Hy inte*rp().sing a chamber containing fuller’.s earth, dehydrated bauxite' or in- 
fusorial earth between the compressor and pressure condenser (see Fig t he low 

lioiling point products pass through the rn.-Lss of clarifying materud and the ulli- 
mate product is said to be free from color and objectionable odor. 

The gasoline proeiuced by cracking in tube's, subse^quent expansion 
and compression of the vapors and gase's volatile beleiw 200° V. (392° F). 
in a mechanical compressor, while thejse volatile pi’e)ehicts are in the form 
of gase'S and mists (i.e., at a temperature of about 180° (\) is saiel ^ to 

1 Chem. Abs. 191S, 222; J. 8. C. I. 1915, 216; U. S. Patent 1,242,795, Oct. t]. 
1917; British Patent 24,491, Oct 28, 1913; J. S. C. I. 1911, 583; French Patent 
407,381 (1914). 

2 Hall, (^hem Abs. 1918, 221; U. 8. Patent 1,242,793, Oct. 9, 1917. 

2 Hall, lor. cit. 

^ Hall, J. 8. C. I. 1915, 346; British Patents 7282, March 23, 1914, and 24,491. 
Oct. 28, 1913. 

6 Hall, U. S. Patents 1,239,099 and 1,239,100, September 4, 1917. 
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be free from liability to prc-ignite, and therefore when used as a motor 
fuel in an ordinary automobile engine “ knocking ’’ does not occur, 
even with the spark advanced. The mixture of air and the fuel ignites 
very readily, but the flame does not propagate itself through the mix- 
ture of air and vapors as rapidly as with ordinary gasoline. In other 
words it is slow-burning, hence its freedom from “ knocking.” On 
account of the high percentage of low volatile contents, it can bo cut 
at 180° C. (356° F.) or higher. Its large fractions volatile at low tem- 
perature have been found to carry complete combustion to the fractions 
volatile only at the highest temperatures, a considerably increased 
mileage per gallon consumed being the result. 

The low flash point and low initial boiling point give, in an engine 
run on the fuel, great ease in starting in cold weather, and flexibility 
(quickness of acceleration). It has been found, it is stated, that as 
great flexibility and ease of starting can be obtained with this fuel when 
‘‘cut” at 180° C. (356° F.) and of specific gravity 0,760 as can be 
obtained with a straight gasoline of specific gravity 0.730 “ cut ” at 
160° C. (320° F.). 

Hall prefers to speak of his product as “ fuel ” rather than as 
“spirit,” because in the minds of many people the latter term indicates 
products all distilling below about 120° C. (218° F.), and in this liquid 
there is a considerable fraction distilling above this temperature, the use 
of which, in a motor-car engine, supposedly is rendered possible' by 
the presence of constituents of lower boiling point than any pre'sent 
in ordinary gasoline, or by the larger percentages volatile at 120° C. 
(248° F.). 

The condensation together under pressure of the heavier hydro- 
carbon gases with the vapors of the lighter hydrocarbon liquids, gives 
a product from which the gases show but little tendency to escape at 
ordinary temperatures. When the licpiid is drawn from the collecting 
tank the escape of the less easily li(iuefi(‘d gases and expansion cause 
the liquid to be cooled down below the freezing point of water, and when 
this liquid is brought into a warm room it shows beads of escaping gas 
for a short time, but this soon ceases and the liquid shows no effer- 
vescence such apparently as would occur had the gases been merely 
dissolved in a cool liquid hydrocarbon under pressure. On distilling 
the motor fuel it is found, according to Hall, that from 9 to 11 per cent; 
of its constituents pass off as gases and vapors which are not recon- 
densed under ordinary conditions, and that the presence of these gives 
the fuel a higher vapor pressure, which is invaluable in the starting of 
the engine in cold weather. 
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The following comparison of the vapor pressure of 

the fuel with that of 

“Pratt’s No. 1 Perfection Gasoline” is given; 


Vapor presmirc in inches of mercury 


Temperature 
°G. °P. 

12. S 53 

Hall’s Fuel Pratt’s 

No. 1 Gasoline 

2. 15 

0.7 

15.5 59 

3.8 

1.4 

1^.3 64 

5.8 

2 6 

21.1 69 

7.8 

3.6 

23 9 73 

9.8 

4.8 

26.7 7S 

12 0 

5 9 

29 4 S4 

14.2 

7.1 

32 3 S9 

16 3 

8.25 

35 0 95 

18 4 

9.3 

37 8 98 

20 6 

10 5 

The vapor jiressure < 

)f Hall’s fuel may be taken as 

about double that of 

Pratt’s. Tiie loss in voliimi' and incr(‘as(' in specific gravity on exposure to air 
are not as liigh as might be expected from the vapor jiressun*. (’omparativc ex- 
periments with No. 1 Pratt’s gasoline gave the following results: 

Kraporalion from a 

svrf(tce of 21 square inches at ordinary temperature 

Time exposed 

Hall’s fu(‘l Pratt’s No. 1 

1 \ hours 

14 6<,. 

13 9 

3 hours 

18 2 

19. 1 

4.^ hours 

21 0 

25 2 

Three d('t(Tminations 

of calorific value in each of which 10 grams of the fuel 

w('r(‘ consumed w('r(‘ mad( 

the tem[)erature readings Ix'ing closi'ly concordant and 

the calorific value (per 10 

grams) calculated from them being: 


Jf<dVs fuel 



Gross 

Net 

1 

10,462 calories 

9,841 calories 

2 

10,56)0 

9,840 

3 

. . . 10,493 

9,873 

Mean 

10,505 

9,881.7 “ 


18,906.6 H.t.u. 

17,790 H.t.u. 


Pratt's No. 1 spirit 


1 

10,330 calories 

9,709 calories 

9. 

10,145 

9,463 

3 

10,132 

9,226 

• Mean 

, . 10,202.3 “ 

9,466 “ 


18,366 H.t.u. 

17,046.3 B t.u. 


Whilo fif^uros sivcn for Pratt’s spirit by several observers are hij?her than these 
determinations, the latter are comparative and show the calorific value of the 
product produced in Hall’s jirocess to be sli^;htly higher than that of Pratt s No. 1 
(hisoline (about It per cent higher in this test), a result borne out by bench tests 
made with the following comparative results: 
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Although the bench test was made on a cold morning, the engine, it is said, started 
well with the fuel, and showed perfectly smooth running even with reduced load. 

The measurements for five sets of tests arc summarized below: 


1. Full load test: lialhs Fuel Pratt’s No. 1 

Revolutions per minute 1000 1000 

Kilowatts, load 2.03 2.00 

(lallons per hour 0.60 0.85 

Gallons per kilowatt hour 0.236 0.281 

2. Acceleration test: 

Revolutions per minute 1300 1300 

Kilowatts, load. 2 36 2 37 

Gallons {ler hour 0 76 1 12 

Gallons ptT kilowatt hour 0 3222 0.473 

3. Reduced load test: 

Revolutions i)er minute 10(K) 1000 

Kilowatts, load. Nil. 0 40, 

Gallons per hour 0 52 0.t)7 

4. Test at normal spe(*d: 

Revolutions per minute 1000 1000 

Horse power . . .... .11.5 13 

Gallons per hour . . I 41 1.67 

Gallons j)er horse power hour . . 0 0t)7 0. 128 

5. Re-test at increa.s('d speed: 

Revolutions per minute 1300 1300 

Horse power . . ... 17 17 

Gallons per hour . . . 1 (>(> 2 02 

Gallons per honse-power houi . 0 098 0 120 

The exhaust from the engine when running with the cracked gasoline was 
very free from smoke and had no objectionable odor, while Pratt’s No 1 produced 
both smoke and odor. It will be noticed that the cracked product showed tlie 
greatest economy over ordinary ga.soline in tin* aei^eleration test, and reduced load 
test, this presumably being due to the rapidity with which the fuel forms the 
explosive mixture. 


Pratt’s No. 1 
1000 
2.99 
0.85 
0.281 

1300 
2 37 
1 12 
0.473 

1000 
0 40, 
0.67 

1000 

13 

1.67 
0. 128 

1300 

17 

2 02 
0 120 


An attempt was made to analytically didermini^ the nature and 
proportions of the permanent g;ases escaping; condensation and also 
those liquefied, absorbed or combined with the condensing spirit. 

Using an American “ petrolite ” oil with a specific gravity of 0.815 
it was found that on the average 12 cubic feet of pei*manent gas were 
formed per gallon of oil subjected to the cracking and condensing process 
and left the apparatus as gas after the compression and coixUaising 
had taken place. Samples of the escaping gas were analyzed and were 
found to have the following composition: 


Ethylene 31.1 

Ethane 25.4 

Methane 34.6 

Hydrogen 8.9 


100.0 
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and its calorific value as determined in the Junker’s calorimeter was 
1442.6 British thermal units per cubic foot. 

A portion of the finished fuel from the run mentioned above after 
bein^ drawn olf and allow(Hl to stand until signs of beading ” had 
ceas(‘d and tlu! hcpiid had been allowed to be warmed up to the tem- 
perature of 16°(’. (60 F.), was distilled up to 150° C. (302° F.) and 
th(' gasi's and vapors ('sca{)ing (‘-oiuUaisation by water cooling were 
collected and analyzed and w('re found to consist of: 


Unsaturat(‘d hydrocarbons 73.4 

Sat ui’atcHl hydrocarbons 26.5 


Th(' gas k“fl after id)Sorption by fuming sulphuric acid, on exploding 
with oxygcai, yielded cai’bon dioxide and water vapor in the ratio of 
3^ to 4 whi(;h points to its being propane or a mixture of butane, propane 
and ('thane, while thc^ whole gas on explosion with oxyg('n gave carbon 
dioxid(‘ and water vapor in the ratio by volume of 5 to 4.1 which points 
to th(' unsaturated hydrocarbons consisting (in part) of higln'r members 
of th(‘ aci'tyk'ue s(‘i'i(‘s, a vi('w supported it is said, by the original fuel 
giving a lu'avy pr('ci|>itate with mercuric chloride. 

A portion of tin' oiiginal fuel from the same run, when subjc'ctcnl to 
ultimate' analysis, giv('s as figures: 


( arbon 85.9 

Ilydroge'ii 12.76 


a carbon-hydrogen ratio of 6.73 to I, the carbon being in e.xce'ss of that 
re(iuii'('d l)y ('it her the saturatcxl or ethykaie series and pointing to the 
motor fiu'l bc'ing a mixtui'e of these with an even less saturated com- 
pound. The bromine absorption giv('n by the fraction of th(' fuel 
distilled up to 150° C. (302° F.) is 101.8 but after acid treatment and 
steam distillation the distillate giv(‘S a bromine absorption number of 
only 44.7, while the original motor fiK'l producc'd in some of the runs 
gave a bi’omine absor[)tion numbea* as high as 150. This points to the 
light fractions c/ontaining highly unsaturati'd hydrocarbons. The 
product, apjjears, it is stated, always to contain considerable amounts 
of unsat urateil hydrocarbons, and to possess tlu' valuabk' propertic'S of 
slow burning, quick igniting, and the absence of knocking. 

The Production of Benzol, Toluol, etc. 

Lomax ^ states that the benzene-toluene ])roduc(Hl by the Hall 
process contains only miimte traces of non-aromatic bodies and the 
tohu'iie produced is as easily nitrated as coal-tar toluene. 

' In tho Pyrogenosis of Hydrocarbons, by Lomax, Dunstan and TholCi Joum. 
Institution Pc'troleum Technologists, 1916 [3], pp. 36-120. 
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A point to consider is the difference in the mode of operation of 
Hall’s process when he produces benzene and toluene from the case 
where gasoline is desired. 

In the production of benzene and toluene, a considerable amount of 
gas is generated. When it is a question of producing aromatic hydro- 
carbons, rather than obtaining motor spirit, the mechanical compres- 
sion of the gases produced, together with the vaporized liquid hydro- 
carbons boiling below 200° C. (392° F.), is not required.^ 

The process consists in subjecting the oil to a partial cracking by 
forcing it under pressure at a high rate of flow through small tubes 
heated to a sufficiently high tempei’ature to produce partial cracking. 
The oil is vaporized to such an extent that the speed of tlu^ vapors and 
gases through the tubes is increased very largely', and then, while they 
are no longer subjected to external heating, the velocity of the vapoVs 
and gases is sufficiently reduced, thc'reby transforming tlu' c'nergy in the 
form of velocity, save the initial velocity, into heat of a superheating 
character which completes the cracking operation without converting 
the vapors into permanent gas. The oil is passed at high speed through 
small tubes of approximately one inch diameter under a pressure of 
approximately 75 pounds (or more) per scpiare inch and at a tcMiipc^ratuni 
of the vapors inside the pipe of from 550° (\ (1022° F.) to 700° (k 
(1292° F.), depending upon the product to b(‘ obtaiiunl and the oil 
treated. The oil is vaporized in the tubing to vsuch an extent that the 
speed of the vapors bec.omes from 5000 feet j)er minute uj^ward, the 
amount of feed being so large and the temperature so low that only a 
partial cracking is effected in tlu'se tubes. The; high rat(‘ of flow and 
incomplete cracking prevents, it is said, any matc'i'ial (h'posit of car- 
bonaceous matter in tlio tubes. The gases and vapors are tlu'n ex- 
panded into a much larger tube, say of from 12 inches to 16 inches in 
diameter (and which may be 8 to 11 feet in h(‘ight) in one or more 
stages, by impinging against baffles or filling in order to suddcaily re- 
duce the velocity to an enormous extent, therel^y transforming the 
mechanical energy of the gases and vapors in the form of velocity into 
heat. The temperature of the vapors and gases in the large tube is 
consequently raised without any extraneous lieat being applical. The 
cracking operation is thus completed in this large tube. As the walls 
of this large tube are cooler than the center of th(^ mass of vapors pass- 
ing into it not much decomposition of the vapors into permanent gas 
takes place at this point, 

In converting the product of the cracking operation into hydrocar- 

' Hall, J. S. C. I. 1916, 626; Chem. Abs. 1016, 1920; U. 8. Patent 1,194,289, 
August 8, 1916; British Patent 1594, Feb. 1, 1915 
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bons of the aroinatic seri(\s a compressor such as that shown in Fig. 132 
is not necessary. (In producing motor spirit a compressor is reciuired, 
as without it there is not obtained in the final product a sufficient 



amount of low boiling fractions.) In treating the oil for the purpose 
of conveivsion into nuanbers of the aromatic series, the oil m the tube 
constituting the decomposing retort or “ converter ” is subjected to a 
higher temperature than in the production of motor fuel (about 6o0 to 
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700° C. (1202 to 1292° F.)) and a correspondingly higher pressure is 
produced. This temperature depends to some extent on the character 
of the oil treated, oils such as those of Mexico, California and Persia 
requiring lower temperatures to obtain the siiine results than do oils lik(^ 
Pennsylvania kerosene. In operating at high temperatures there will 
be no need for a throttle valve such as that beyond the converter in th(^ 
methods previously described, since the necessary pressure of 75 pounds 
and above is obtained entirely from the amount of oil fed in and the 
expansion of the vapors. It has been found that when miming at 
say 700° C. (1292° F.) and feeding the oil at the rate of 90 gallons \wv 
hour through a 1-inch pipe, the expansion is so great that the di'sired 
pressure is obtained without any throttling. 

In practicing the process for the conversion into aromatics there is produced 
much more fixed gas than is produced when the ])rocess is o])('rated for the ])ro- 
duction of motor spirit, on account of the higlier temperature usi'd Th(' ])rodu(;t 
does not consist entirely of members of the aromatic series, and subse(|uent distil- 
lation to separate the benzene, toluene and xylene from the paraffins is neci'ssary. 

By only jiartially cracking the oil in the heated tubes and by producing a 
rise in temperature and effecting ;us large an amount of the cracking as possible 
beyond the influence of external heat, the pnxluction of large amounts of fixi'd 
gas (which are of course of a le.sa value than the condensable sjiirit) is largely 
prevented. If the cracking were all done in the heab'd tube's, the' assertion is made 
that the permanent gas produced would be much greater than Is jiroduced when a 
considerable amount of the cracking is effected at a ])oint beyond the mfliK'niie of 
the external heat. The light vapors never being exi)osed to a higher tem])erature 
than that of their production are not decomposeil into fixed gas by supi'rheatmg. 

The mechanical energy in the form of velocity of the gases is largely con- 
verted into heat which superheats the whok‘ in a .somewhat similar manner (,o 
that in which steam is superheated in a throttling calorimeter. In Fig IIU A 
is a pump which is operated at a speed suitable for forcing tlu; oil to b(' tri'aled 
at a high rate of flow into a converter B to a tempi'rature suib'd to produce par- 
tial cracking of the oil and under a pre.s.sure of .50 to 7.5 pounds (or more) pi'r 
square inch. The vapors and gjuses produced in the converter B, p.artly on ac- 
count of the expansion produced, pass at a very high speed into a very much 
larger vertical pipe or column C where the pressure falls to 1 or 2 pounds per 
square inch, this column being provided with baffles or suitable filling material 
for reducing the velocity of the vapors and gases suddenly to a very large extent. 
The vapors and gase^ arc then led through dephlcgmators D and E from which 
the heavy and light residues are removed by pipes d and c. The vapors and gases 
from E pass directly to the condenser (7, through the valved pipe K. 


The Use of Nickel as Catalyst 

Hall/ commenting on the use of hydrogen or hydrogen-containing 
gases in the cracking of oils, states that water is of no us(j as a liydro- 
^ In the J. Inst. Petrol. Tech. 1915, 147-166. 
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jreiialiii^ agent, even in the presonee of a nickel catalyst. He also 
cont(ai(ls ^ that the use of hydrogen in this connection is very expensive 
and that the nitrogen, carbon monoxide and carbon dioxide content 
of producer or water gas presents difficulties. In one phase of his 
work he avoids the use of hydrogen or steam and states (ibid.) that the 
decomposition of the oil itsc'lf furnishes hydrogen in a nascent ’’ 
condition, which combine's with the unsaturated hydrocarbons pro- 
duced. 



The heavy hydrocarbon is subjected to heat and pressures in the 
preseaice of a catalyst capable of effecting the* hydrogc'nation of unsat u- 
rat('d hydrocarbons. The |)roducts are allowe'd to expand and d('[)Osit 
carbon, and the ix'sidual products are cooled to produce by condensation 
a li(|uid hydrocarbon containing less carbon than the original hydro- 
cai’bon, and adapted for use in high speed internal combustion engines. 
If the hydrocarbon oil is heated under a moderate' pressure, say a pres- 
sure' e)f alxjut 5 atnie)spheivs, to a tempen-ature e)f upward of 600° C. 
(1112° E.) in the presence of the catalyst, anel in the absence of steam 
e)r any extraneous soure*e of 'hydre)ge'n, a conversion of the oil takes 
place, the oil be'ing partially ek'composed and gase's set free. These 
gases are in turn decomposed by the heateel catalyst with liberatie)n 
of hyelrogen which in a nascent state is, to a considerable extent, it is 
niaintain('d, affixed to the condensable portion of the decomposed hydro- 
1 J. S. C. I. 1014, 1140; IT. S. Patent 1,175,909, March 14, 1916. See also 
British Patent 17,121, July 25, 1913; Chem. Abs. 1915, 375. 
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carbon oil. The catalysts used are the metals, or oxides of the metals, 
nickel, cobalt, silver, palladium, chromium or manganese. 

The apparatus includes a preheater .1, Fij;. Idu, for raising th(‘ t(‘inp(‘rature of 
the oil and to some extent volatilizing it before it enters the tubular converter 
R, so that the gas may be produced at as early a stage in tlu'. process as possible. 
The converter B, Fig. 135, is a serpentine inclined metallic tube so arranged that 
the circulation is through the top .section, then down and through the next, and 
so on to the bottom, the exposure being at first to the lowest temperature, which 
is at the top, and gradually increjising toward the bottom. In the tubular ele- 
ments of the converter is placed the ciitalytic material in the form of rods which 
rest in contact with the heated walls of the tube. From the converter B the prod- 
ucts are passed into an expansion chamber C where their temperature is some- 
what reduced. The expansion chaml>er is provided with a metallic gauze 
screen D, of conical .shape, which will collect and extract any loose carbon that 
may be set free (it is found that the carbon is most readil>’ deposited at the point 
where expansion occurs and to the great(‘st extent if the pressure be suddenly re- 
duced from that in the converter (about 5 atmospheres) down to atmospheric 
pressure). 

It is to be noted that the pre.ssure of the vapors drops materially in passing 
from the converter B to the chamber (' This drop in pressure ajipears to aid 
in the deposition of free carbon. I’he gases and vapors produced by the decom- 
position of the oil (low rather rapidly through the conveider tulles, and since tlie 
cross section of the tubes is small, owing to the faitt that the metal rod takes up 
ipiite a large part of th(‘ space, the cairrent of gases and vapors (lowing through 
the tubes carry along the free carbon, or soot-hke materi.il. Oon-siMpiently not 
much of this will deposit within the ndort. After the jiressure falls, and the 
gases enter the larger chamber C, most all the free carbon di'posits in the exp:in- 
sion chamber f), and on the gauze member /). 'Parry nntti'rs arc likewise* sepa- 
rated in the chamber C, From the expansion chamb(*r C the products arc passed 
through a cooling conden.ser E and into a receiving tank F from which can be ex- 
tracted any fixed gases that have not combined with tlie conden.sable portions 
The condensate is found to be a dilTerent produid from the oil starl.ed with. It 
has a much lower specific gravity and boiling priint and when redistilled and frac- 
tionated yields a large portion of volatile spirit adapted for use in automobiles 
For instance if the raw material used be “ gas oil ” (a refim'ry distillate having 
a boiling point above the boiling points of g.asohne and burning oil) it will yield 
from .50 to 70 per cent of a fuel of a specific gravity of about 0.7().5 witli a boiling 
point which is lower than that of commercial gasoline. 'Phe jiroduct of tin’s proc- 
ess also contains a proportion of unsaturated hydrocarbims. The quantity of un- 
saturated hydrocarbons may vary more or less, but is always rather small. It is 
not nece.ssary to redistill the condensate, as the fractionation can be effected by a 
dephlegmator situated between the converter and the condenser. 

Steam was used by Hall with oil vapons in the presence of nickel ' 
in an apparatus somewhat similar in principle to a product^’ gas con- 
verter (see Fig. 136). A mixture of heavy hydrocarbon oil and steam 
was passed through a highly heatctl chamber with restricted spacings 

1 J. S. C. I. 1918, 3.30A; U. S. Patent 1,261,930, Apr. 9, 1918. 
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so that its passage is retarded to an extent sufficient to create a con- 
siderable piessuie, about 150 ])Ounds to the square inch. In passing 
this mixture through the heated chamber, the whole mixture becomes 
vap()riz(‘d and a considerable amount of carbon is deposited on the 
walls or surfaces which ()])structs the passage of the vaporized material 
While the r(‘laliv(^ proportions of oil and water may be varied moie or 
less, good results are said to Ih‘ sc'cun'd if about one ])ound of water 
is employ(‘d for each two or two and one-half pounds of oil. 

Ill Eig. 136, A is a roceptac*l(‘, which is divided hv a screen into receiving and 
converting chambers, B and (\ 'Flic vessel, A, is enclosed by a casing which re- 
tains the li('at and atTords a heating chamber, I), below the n'c(']itacle. In the 
heating chambiT is located a heating burner 
The oil to be converted is discharged imd(*r 
pressure into the receiving chamber through 
a pipe communicating with a pump, and 
the water which is to be mixed with the oil 
is supplied t.o the receiving chamber m the 
form of steam forc(‘d into the chamlier 
The c.on verting (;hamber, C, is partly or 
wholly tilled with a metal in small pu‘ces 
which by being more or less (;ompact(Ml to- 
g{‘tli('r, serve to obstruct the (low of the 
hydrocarbon through th(“ converting cham- 
b('r, and produce back jiressun', and these 
smidl pi('C(‘s of metal afford numerous sur- 
faces on which a ])ortion of the carbon in 
the va[)uriz('d mixture is deposited in solid 
form. 3’'hese partich's of metal are in th(‘ 
form of nicki'l balls or cub(*s, as nickel mother oxidizes nor carbonizes, it is said, 
at th(* t(‘m])(‘raturi* (about GtK)^ C. (1112‘’F.)), whic.li is employed. 

A s(‘ri{‘s of “decarbonizers” or converters siK'h as that shown in tig. 136 
are so arranged that they can be connected and oil passed from one to another, 
through a pii^e, E, communicating with the converting cliambio* (/, to a chambi'r 
corresponding to the receiving chamber, B, of another converter, and thus the 
mixture may be successively treated to “ withdraw an desired amount of carbon. 

In thus passing the luiuid hydrocarbon through a series of these converters a 
considerabU^ amount of carbon is deposited in s )lid form on the surfaces of the 
fragments or small pieces of metal with which the converting chambers are siiji- 
ph('d, and the process may be c.arried on until the particles of im'tal in the con- 
vi'rting chamber be(;ome so clogged with carbon that it will be nec(\ssary to throw 
it out of o[)erati on for cleaning which may be done sinifily by flooding with steam 
oT water, as the solid carbon is in the form of loose flakes. Ihus in using a series of 
these convertiTS the connections may be such that some of tlaan may be cut out, 
for the purpose of cleaning, while the others may be continued in operation 

The hydrocarbon spirit produced is of a lower specific gravity and lower 
boiling point than the original hydrocarbon liquid before treatment, contains 
compounds of the ethylen'* or olefin series, although before treatment the liquid 
hydrocarbon was composed principally of membem of the paraffin series. This 
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converted hydrocarbon spirit is said to be suitable for use in internal combustion 
engine's* 

The rate of flow of the vaporized oil and water through the mass of catalytic 
metal is such as to give a pressure of about IT)!) iioiinds per scpiare inch, at a 
temperature of GOO C. (1112° L.). The od vapor and sti*ani may be in contact 
with the nickel for about two to three minutes, giving good results. 

The mineral oil operated upon may be a crudci Ckdifornia oil, of a specific 
gravity of about O.Ooo, althougli other oils such as crude Pi'nnsvlvania, Ohio, 
Canadian, Texas oils, or stripped oils may be employed with good results. 

It is remarked that nickel used in this connection has a very differ- 
ent effect from that which would be produced if metal were employcHl, 
which would be oxidizable under the existing conditions, for example 
iron. At the temperature stated, iron will dc'compose si ('am, in the 
pivsence of oil vapor, to produce an oxide of iron, and some frc'i' hydro- 
gen will be produced. In su(‘h a process, however, the pieces of ifon 
would soon Ixriome coatc^d with a layer of iron oxide, which would 
prevent furtlu'r action of the iron and steam upon each other. With 
nickel, how(‘V(r, it is observed that the metal does not beconu' oxidized 
in the pr(3sence of oil vapor. 


Miscellaneous Methods 

Hall ^ produces motor spirit by passing th(^ kenjsene fraction boiling 
up to al)out 220° C. (428° F.) from which th(3 gasoline has been i‘(‘- 
moviHl, between minute interstices undiu’ very high prc'ssure, ('.g , 
1000 to 3000 pounds per square' inch in the presence of hydroge'ii, (;oal 
gas or other gas containing free hydrogen or a hydrocarbon gas, ('.g., 
ethylene or (jil gas, and at a temperature not above (he lowc'st boiling 
point of the liquid, e.g., 100° to 120° C. (212°- 248° F.). By this nu'ans, 
It is noted, there n'sults a combination of the gas and th(' liciuid hydro- 
carbon causing a certain amount of hydrogenation of th(' latter, the 
result being a considerable lowci'ing of the flash point of the licpiid 
hydrocarbon and an alteration of the odor. In order to produce this 
combination of the gas and oil a homogenizt'r may be used of tlu'. kind 
used in homogenizing milk consisting oi a series of metal disks or plugs 
between or through which the liquid is forced in the j)r('S('nce of gas. 
The metal disks or plugs arc made of nickc'l and are v(*ry finely grooved, 
i.e., provided with mere scratch marks. The gas employed may b( 
hydrogen, or any coal gas cemtaining hydrogen, or hydrocarbon gas 
such as oil gas or acetylene. The product obtained is distinguished 
by its much lower flash point than the fraction of kerosene having this 

^ Chem. Abs. 1917, 2043; British Patent 103,720, Mareh 4, lOlG; see also 
J. 8. C. I. 1917, 127; French Patent 481,000, Feb. 25, 1910. 
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boiling raiig(i, also by the loss of tlu^ kerosene or paraffin odor and the 
production of a new odor and a liveliness of the fuel not possAsed by 
kerosene when used in a high speed internal coiiibustion engine. One 
volume of li(piid is said to take up more than one volume of gas. 

Hall ^ manufa(;tures a fuel suitable for use in high-speed internal 
combustion engines wliich consists of e(iual parts of an uncracked 
saturated hydnxairbon of the paraffin series boiling from 140° to 230° C. 
(284° 44()° E.), and a partly unsaturated hydrocarbon spirit produced 
by cracking. Hall staters that the imcracked oil alone is objectionable 
as motor fu(4 and that owing to th(‘ high Hash and boiling points an 
engine cannot be started on such fu(‘l from the cold, and that this 
fuel is not as res|)onsive to the throttle as gasoline. It is also stated 
that cracked spirits alone are not wholly suitable owing to their tend- 
(‘lu^y to form gummy products of oxidation. By mixing the less vola- 
tile', saturated oil with the cracked spirit which is partly unsaturated 
and which contains a large proportion of very volatile hydrocarbons, 
Hall c'laims a fu(4 is produce'd almost free from the gumming 
tend(‘ncy and fnx' from the liability to knocking of the less volatile 
saturate'd oils.- 

According to T. T. Gray ^ the Hall process is being used commercially 
in lOngiand and America for the ])roduction of motor spirit. 

1 .1 S. C I. 1917, srv2; British Patent 100,870, June 10, 1915. 

^ S('o also Hall in ehajitors on Alcohol as Motor Find and Benzol as Motor 
Fuel and Refining Methods. 

’ Industrial (dieinistry by Rogers, 8d Ed., 1). Van Nostrand Co., New York, 
1920, p. 030. 
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TUBE CRACKING IN THE VAPOR PRASE — Continued 
The Rittman Process 

The Rittman process probably had its inception in certjiin investi- 
gations cai’i'icd out by Whitaker and Rittman ‘ in the therniolytic 
treatment of heavy oils with a view to increasing the illiiminjiting 
power of carbureted water gas. It was found that good results were 
obtained by having high t(‘mi)eratures and low pressure' in the cracking 
zone. The study of the physical and chemical condilions obtaining 
when petroleum is subjected in this way to high tem])eratures for the 
production of oil gas formed a natural preamble to an extensive study 
of the optimum conditions for decomposing petroleum less profoundly 
than in the production of oil gas, that is, for the production of low boil- 
ing hydrocarbons suitable as naphtha and gasoline. 

At about this time the outbreak of the VV^ar created ('conomic con- 
ditions which stimulated investigations to determine the sources, 
actual and potential, of benzol and toluol in the United States. 

Rittman pursued his work at the Bureau of Min('s, wlu'rc' tlu' sub- 
ject was investigated with customary thoroughness, with a view not 
only to decompose petroleum to yield gasoline hydrocarbons but also 
to produce aromatic hydrocarbons. 

Special emphasis was laid upon the maintenance of a single gas 
phase in the cracking tubes; and the nature of the n'actions that take 
place when gasified oils are submit t(*d to intc'irelated conditions of 
temperature, pressure and time of reacti(m was studic'd in a most ex- 
haustive manner. Inasmuch as the temperature could be varied 
independently of the pressure, owing to the absence of the liquid phase, 
it was found that the method finally adopted was suflicic'ntly clast i(^ 
to permit of the production of either gasoline hydrocarbons or aro- 
matic oils. 

Rittman method ^ is stated to consist essentially in suddenly 
gasifying the material to be treated, cracking the gasified material in 

* Thermal Reactions in Carbureting Water Gas, J. Ind. Eng. Chem. 1914, 
383-392, 472-479; J. S. C. I. 1914, 682. 

2 J. S. C. I. 1916, 1101; British Patents 9162, June 22, 1915 and 9163, June 22, 
1915. 
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the absence of any liquid and under a pressure of at least six atinospla'res 
and condensing n'sulting hydrocarbons that will condense at* a tem- 
perature al)ove 30° C. (8G° F.). Emphasis is laid upon the fact that 
th(^ process is a single phase one, i.e., that it is strictly a gas-phase process. 
Since in one phase systems the pressure may be held constant and the 
tenij^erature vai’ied and vice versa, it is stated that this cracking process 
is mor(^ (‘lastic in its possibilities than any two phase process. 

In tlift crjioking operation, a lar^e nurnker of gases and vapors are formed, rang- 
ing from liydrogcn to hydrocarbons having boiling points the same or even higher 
than those in the materials treated 
Cracking permits the formation of new 
and more volatile hydrocarbons, the 
majority of which will be condensable at 
teinpi'ratures of d(P C. (80*^ F.), and up- 
wards. The maintenance of gases result- 
ing from the cracking, such as hydrogim, 
methane, ethylene, ethane, etc., having 
boiling points below in the crack- 

ing zone, has an important influence on 
the results. 

It is w('ll known that m chemieal re- 
actions then' IS a haidencv to establish 
and maintain a state of e(iuilibrium For 
example, in the cracking of the gaseous 
liydro(5arbons as above described, two 
classes of gases are formed, i.e., those con- 
densable at about dO'M', and those un- 
condensed at this t(‘in])ciature. If the 
condensable gasi's be withdrawn or re- 
moved, the cracking being continued, the 
ot her, or permanent gases, or a very con- 
siderable pro[)ort ion of t hem being in th(‘ 
sphere of reaction, then* will b(' a tendency 
to restore the e((uilibrium and form con- 
deiisal)k‘ hydnicarb uis rather than those 
not condensabk' at tem])eratures above 

(k This tendency to form condensable 
hydrocarbons will be promoted by high 
comaait ration or increa.se of the density of 
the permanent gases in the splu're of re- Fig. 137. — Diagram showing prin- 
action. To this end, a pres.sure of at ciple of (he Kittman process, 

least six atmosjiheres is maintained in the 

V(*action zone. Rittman states that he prefers to obtain the pressure by controlling 
the discharge of the gases from the reaction zone. Although the best results can 
be attaini'd by employing for a given material, a certain temperature and a certain 
pressure, these two are in no way interdependent, although it is generally pre- 
ferred to use high pressures with high temperatures and these pressures and tem- 
peratures are those which cannot generally b(* obtained in a two phase system. 
While the pressures employed will vary with the character of the material treated 
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and the character of the products desired, the best results will be obtained by 
maintaining a pressure of about 100 pounds and higher in the generating zone, 
the efficiency of the process increasing ;us the pressure eni[)loyed is increased. 

In Fig. 137, is a chamber capable of withstanding the pressure and con- 
stitutes the hydrocarbon cracking zone, a is a resistance wire, properly insulated, 
in contact with A which is inc;ised in a protective coating of asbestos, h and d 
arc binding posts, c is a conducting rod through which one end of the resistance 
coil is connected to binding post d. B is a rheostat, e is a branch tube opening 
into .1 through which the pyrometer coupK' is intr<)duce<l. / is a rod to support a 
perforated (ksk m which supports a (piantity of filling material (j introduced into 
the upper portion of A. d’his lilhng initerial serves jus an efficicait spreading sur- 
face for vaporizing the oil used, as well jus a hejit conductor and liejit disseminator. 
C is a feed cup for supplying oil to .1 jibove g. Th(‘ pressure in the upper part of 
C is equalized with that in tube A throiigli jin eqiuilizing connection. A may also 
be connected with a suitable gjige for rejiding th(‘ pressure. D is a condenser 
which leads through a pipe II to a receptacle E for the collection of licpiid dis- 
tillates. E is a pipe and (H ji relejuse vjilve through which the gjuseous prodifcts 
evolved during the process nuiy be permitted to (‘scjipc' into a gius holder not shown. 
Condenser D is cooled to a sufficient degree' to comh'n.se all vapors Conde'nsate 
passes through II to a ctillecting ve.ssel E from which the product may be with- 
drawn and fractionally distilled. 

With the type of apparatus shown, the procedure is jus follows: The cracking 
or rejicting chamber is heated to the cnicking ti'inpi'nitun' of the' matt'rial by 
pjussing an electric current through the heating element u. When the tube A and 
the filling mjiterial g have attained the appropriate temperature, the' feed is opened 
and the material is permitted to enter the upper part of the tube A, whi're it 
sprejids over the filling mati'rijil and is fiaslu'd or instjuitaneouslv g.isified. fn 
the meantime the valve (r hjus been closed in ordi'r to bring the' conci'ntration of 
permanent gases to the desired point. .Vfter the desired pressure has bei'n at- 
tained valve (i can be opened from time to timi' to rek'ase excess pressure created 
in A. 'rhe hydrocarbon gjuses pjuss into the cracking zone of the tube A. After 
piussing through the cracking zone, tlie hvdrocjirbon gases are cond(*n.s(‘d and 
collected in receptacle E, thi'rebv being removed from the sphere of reaction. 

In common with other single phase systi'ins either naphtha or 
benzene, toluene, etc., can bo produced from a large variety of raw 
material. 

The following arc examples: 

A. Production of benzene-toluene. Two thousand gallons of gas oil 
containing no free benzene or toluene were taken. This oil was treatcnl 
in a heavy steel tube of lOf inches infernal djameU‘r and 13 feet long, 
under a furnace temperature of approximately 1000° C. (1832° F.), and 
a pressure of 150 pounds per .sqtiare inch. Oil was fed to the tube at 
the rate of about sixty-two gallons per hour, th(* whole quantity above 
referred to being converted in approximately thirty-two hours. Five 
per cent (of the initial quantity) of benzene (benzol) and toluene, 
namely, ten thousand gallons of each, were recovered by re-running the 
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distillate. The Rittman process may also be employed for cracking 
solvent naphtha with the consequent -production of toluol. * It has 
been so employed to produce toluol for military purposes. The pro- 
cess gave yields of toluol varying from 25 to 33 per cent, based on 
the solvent naphtha employed. 

B. Production of napJitha An avcTagc of 16,800 gallons (400 
barrels) of gas oil w(U’e treated daily, from which there were recovered 
approximately 5000 gallons (119 barrels) of gasohne, with a total over 
all loss varying from four to six per cent. This corresponds to a yield 
of 29.76 per cent of gasoline, based on tlu^ gas oil employed. The 
number of tubes that are employed d(‘pends on th(‘ ca{)acity rciquire- 
ments of the plant. 

In the present example, a battery of four tubes was used, each tube 
b('^ng (en inches in diameter, twelve feet in length and standing in an 
ui)right position. Each tube was supplkal with gas oil (i)reh(‘ated to 
about 500°F.) at an average rate of about 175 gallons per hour. Tin* 
tcMiip.'raturc in the tubes varied from 1080° to 1200° F. (582°-649° C.); 
and tiui pressure varied from 80 to 100 f)ounds per square inch, de- 
pemding on the characteristics of the gas oil iisi'd as cracking stock. 
All the fiu'l necessary to maintain th(^ recpiisite heat conditions was 
furnislied by the by-product gas from the cracking tubes. 

C. P. Bowie ^ describes the const ruction and oj)('ration of a single 
tube cracking furnace for making gasoline. In operating the Rittman 
vapor phase cracking procevss, with furnaces containing several tub(\s, 
(‘.g., ten, an even tcMiiperature is dilhcult to maintain and the singk' 
tube furnace is preferred. The tub(^ is of steel and lap welded, 13 to 13 J 
feet long over all, 13 to 14 inches outside diameter, and with walls 
about 1 inch thick. It is connected to a tar pot from which carbon 
and tar can be ('asily removed when necessary. In the inside of the 
tube, at the top, is a (!ast steed basket \vhich serves as a bearing for the 
stirring rod (which occupies the center of the tube and prevents its 
choking by deposited carbon) and as a receptacle for steel balls or other 
pieces of metal ovea* which the oil passes before entering the tube. 
Vaporization is, howevc'r, mon^ suitably effc'cted by means of a spray 
nozzle. The stirring rod is made from 3 inch extra strong pipe, to 
which are fastened four vertical rows of chains 3 inches apart. The 
^od enters a stuffing box and gland which are placed in the tar pot. 
On the lower part of the stirring rod is a cast iron paddle, to prevent 
carbon from accumulating on the stuffing box and choking the neck 
of the tar pot. Before entering the tube the oil is strained and heated 


1 J. S. C. I. 1917, 285; U. S. Bureau of Minca, Tech. Paper 161, 1916. 
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to about 100° (\ From the preheater the oil passes through another 
strainei', a meter, and a needle valve for regulating flow, into the crack- 
ing tube. By means of a pressure reducing valve, condensation of the 
cracked products takes place at practically atmospheric; pressure in 
the ordinary box type of condenser. The cost of the plant, exclusive of 
a building or other protective covering, and condenser box, is said to be 
about $3000. After removal of gasoline from the cracked oil by dis- 
tillation, the residuum may again be cracked but should not be mixed 
with the original oil, as once cracked oil may reciuire different 
temperatures and pressures for re-cracking, and yit'ld a distillate of a 
different specific gravit}^ from that of the cracked oil originally ob- 
tained. 


In operation on the large scale, the cracking tube hk(>\vise is provich'd with 
an agitator having chains attached, and a tar pot at the bottom According to 
Bowie (Construction and Operation of a Single Tube (b’acking I'^urnaee for Making 
(Jasoline, J. S. C. I. 1917, 285; U. S. Bureau of Mines, Technical Paper 101, 
(B)10)) this has always been a special casting. Th(^ tar pot calls for thn‘e es- 
sential features: it must be fitted with a stuffing box and a gland for the stirring- 
rod shaft, it must allow easy removal of carbon and tar, and must be; heavy enough 
to withstand the recpiired pressure. It is said that all of the pots lieretofore 
cast for this iiurpose have been too elaborate. 

The following U. 8. Oovernment estimates' are based on the results of a 
5-days run with a Rittmann apparatus provided with five crai^king tubes, each 
having a capacity of about 05 gallons per hour; allowing for stoppages, the total 
working capacity is 5000 barrels (42 gals, each) per month. The yield of gaso- 
line is about 17 per cent and the loss 10 per cent, while the residue consists of 
fuel oil equal in value to the fuel oil used as raw material. The cost of the plant 
is estimated lus $15,000, and of the building as $5000. Using fuel oil at 50 cents 
per barrel, the cost of production of gasoline is estimated as follows: 


5000 barrels fuel oil $2500 

Labor 500 

Fuel. . IbO 

Electricity 

Repairs RW 

Interest and depreciation, 6 Vo each 200 

Refining cost, 20 cents per barrel . R1()0 

Total cost $4020 

Residue, 5050 barrels at 50 cents per barrel 

Net cost of 850 barrels of gasoline $2795 


Corresponding to 7.8 cents per gallon of ga.soline. 

In a similar way, the cost of gasoline is estimated as 9.74 cents per gallon 
with fuel oil at $1 per barrel, 11.5 cents per gallon with fuel oil at $1.47 per barrel, 
and 13.9 cents per gallon with fuel oil at $2.10 per barrel. 

1 Min. and Eng. World, 1916, 1132; J. S. C. 1. 1916, 825. 
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In carbureting water gas Rittman departs from the ordinary car- 
bureting i)r()(!edured In place of the ordinary carbureting chamber 
a cracking tube is situated therein heated by the hot blast gases. Oil 
gas is fed to this tube and is cracked 
in the vapor phase at a temperature 
of approximately 1600° F. (871° C.) 
and undi‘r a certain amount of re- 
duced pressuie, for example 4 
pounds absolute or less. It is stated 
that the gases produced under these 
conditions of temperature and pres- 
sure are largely of the ethylene 
and other unsaturated series and 


Cltc^ninq Rod 



Oil Supply' 



--Cracking Tubs, 


Figs. 138 and 139. — Types of tar pots and stirring rods devised by Slocum and 
Stuiz for tile Rittman process. 


are therefore much higher in thermal values and illuminating qualities 
than gases prodiKanl by the ordinary carbureting method. Hydro- 
carbon gases produced in the manner indicated are mixed with water 
gas to ‘‘ enrich ’’ the latter. 

1 U. S. Patent 1,329,853, Feb. 3, 1920. 
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F. L. Slocum and C. C. Stutz^ hav(‘ designed improvoments in the stirring rod 
connectitTns and tar pot for use in the Hittman process, !is shown in Fig. 138. 
The stirring rod does not itself pass througii a stulfing bo.\ in the bottom of tlie 
tar pot as in older types of the apparatus. Tlic stirring rofl B is attached to 
a driving shaft .1 (which is provided with bearings C and C') and this shaft is 
incased by a stationary tube /). This tube D engages a supporting collar E, 
at its u])per end, and a female thread E' at its lower. An ordinary stutling 
box and gland F are provided on the outside of the tar pot. An umbrella-shaped 
casting G tends to prevent carbon from clinging to the surface of D. In this 
method, heavy oils are pumped back to the tar pot and used to wash the latter 
free from carbon deposit. 

Slocum and Stutz- have also designed a stirring, or rather cleaning rod 
(Fig. 13!)) which hius an up-and-down, instead of a rotatory movement. Scrapers on 
the end of this rod are intended to remove carbon deposit from the walls of the 
cracking tube. The cleaning rod is automatically actuated by oil vapor pressure 
from the cracking tube which exerts force on the u])per side of th(‘ piston on the 
completion of its upward stroke, by admission of pressure through the pipe C, 
and on the lower side of the piston, at, the completion of its downward stroke by 
admission of pressure (from the cracking tube) through the pipe D. Pressure de- 
veloped in the cracking tube is thus caused to do mechanical work. 

It is pointed out by Rittiuan ^ that in most craeking ])ix)cesscs the 
heat of the hot vapors as they leave the cracking appaiatus is wasted 
during the passage of the vapors through condensing apparatus. It 
is suggested that as much as possible of the heat in the condensate be 
utilized by applying a vacuum to enable lighter hydrocarbons to boil 
off. Uncondensed gases arc scrubbed to recover light gasoline. 


» U. S. Patent 1,301,211, xMay 20, 1919. 

2 U. 8 . Patent 1,304,212, May 20, 1919. 

3 U. 8. Patent 1,330,008, Feb. 3, 1920. 
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THE USE OF STEAM IN DECOMPOSING HEAVY OILS TO YIELD 
NAPHTHA AND GASOLINE 

The reaction Ix^twcHMi steam and metals to i)ro(luce energized or 
nasc'mt ” h^ydrogen is tli(^ basis of a large number of methods, whose 
object is to try to bring about a reaction beUveen hydrogen and hydro- 
carbons that are in a state of transition. In a jHirely numerical semse, 
th(^ addition of hydrogen to saturated high boiling oils, undergoing 
de(;omj)osition, will prcjduce ratios of carbon and hydrogen which are 
identical with those of low l)oiling oils of the same series. For example, 

Ci-dloe -f 2 IT =2 ( 

This is iiK'rely anoth(‘r wav of stating that wlum a saturated straight 
chain hydrocarbon of higher mohaailar w(‘ight is d(‘coin])os('d to yic'ld 
OIK' of lower moh'cular w('ight, tlu' result must Ix' th(^ ])roduction of an 
unsat uratc'd straight cliain hydrocarbon, or saturated cyclic hydro- 
carbon unless som(‘ otlu'r modifying chemical reaction takes place. One 
of th(^ basi(! reasons foi th(' ('xisti'iicc' of the large varhdy of cracking 
proc('ss('s is the op]X)rtunity off('r(‘d for th(5 application of different 
itK'thods of ('ffecting the modifying, or secondary reaction mentioned 
abov^e. 

Compression of tlu' “ w('t ’’ gases with the unsatiirated readily con- 
densabk' hydrocaibons, eondi'iisation under pressure, the aluminum 
chloride r(*action, (h'composing in the presence of hydrogen, or hydrogen- 
containing gases in the pr('S('nc(' or in the absence of energizing, con- 
centrating or accelerating conditions — e.g., silent electric discharge, 
ultraviolet light and catalytic masses - th(‘S(' are types of methods 
prop( 3 sed for bringing about the decomposition of high-boiling oils into 
a mixture of low-boiling hydro(*arbons which shall have a suitably 
low unsat ui'ated ’’ value, in a manner calculated to yield minimum 
perc('ntag('s of gas and pr{'cii)itat('d carbon or carbonaceous material. 
, In this chapter we will considi'r those methods that involve de- 
“ composition in the ])resence of steam. This includes methods whose 
object is to decompose' the steam in such a manner as to yield hydrogen. 
SoiiK' of the catalysts proposed are intended to accelerate this decom- 
position at relatively low tempe'ratures. 
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Sanders ^ made illuminating gas by passing a mixture of oil, or oil 
vapor, and water vapor into contact with red hot carbon. Coal tar 
oils were preferred as raw material. 


C'. 



John Laing ^ mixed oil and water and passed the mixture through 
retorts heated by the hot gavses from the combustion zone of a fire tube 

1 U. S. Patent 21,027, July 27, 1858; Reissue No. 936, March 27, 1860. 

2 U. S. Patent 31,985, April 9, 1861. 
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boiler. The object was to utilize ('xcess heat to generate oil, gas and 
thus make the operation of raising steam ‘‘ self-supporting.’’ 

Eames and Eames ^ describe an apparatus for making oil-gas in 
which oil flows in a zig zag path over highly heated plates in the 
presence of superheated steam. 

C. W, Turner ^ thoroughly mixes crude petroleum or a distillate 
with superheated st('am and passes the mixture through two scries of 
coils of pipe (Fig. 140), Pi and P 2 . The first series (Pi) is heated from 
400° to 800° F. (204°- 427° C.). Here it is said that a reaction takes place 
between the supc'rheated steam and a portion of the oil vapors, with the 
production of carbon monoxide and nascent hydrogen. The hydrogen, 
it is stated, combines with unsaturated hydrocarbons. TIk^ pressure 
in the first series of coils is about sixty pounds per sfpiare inch. The 
piy)e of which tlu' coils are const ringed is 2 inches in diameter. 

A preheating drum C (Fig. 140) and also separating drums P, G, 
and J are employed to remove mineral matter and tarry substances. 
The temperature in the second series of coils {P 2 , Fig. 140) is carried up 
to 1000° to 1400° F. (538° 700° C.). This is said to cause, in some cases, 
the formation of naphthalene, which is pi^ecipitated in the separator J. 
Th(‘ distillatci is fractionally condensed in a series of air-cooled tanks 
(N, N, N, (dc. Fig. 141) provided as shown at P (Fig. 141) with cooled 
drain or draw-off pipes.^ 

A. B. Adams ^ cracks oils for the production of low-boiling hydro- 
carbons and gas, by mixing them with steam, passing the mixture 
through a cracking chamber, and then, at the exit of the cracking 
chamber, bringing (he products into contact with a finely attenuated 
mass of catalytic metal. 

H. H. Mandle ^ obtains gasoline, benzol, toluol, etc., from heavy 
oil by mixing the heavy oil with water, spraying the mixture into a 
heating chamber or tul)(\s heated to a temperature of from 250° to 
675° (k (482°-1247° F.) and .subjecting the mixture to the action of a 
catalytic agent consisting of an alloy of nickel, chromium and steel 
f)laced at the outkd- end of the chamber or tubes, the mixtun^ being 
then passed through an oil-cooknl primary condemser for removing the 
uncra(;ked oils and a water-cooled secondary condenser for condensing 
the hydrocarbons of lower boiling point. The alloy may be in the 
• 

^ U. 8. Patent 1.32/205, October 15, 1S72. 

2 U. 8. Patent 1,04(),0S3, Dec. 10, 1012. 

^ 8ee also Turner, Chem. Abs. 1013, 3225; French Patent 451,162, Nov. 28, 
1012. 

4 (Oiem. Abs. 1010, 1S4; British Patent 110,485, July 5, 1017. 

^ Chem. Abs. 1010, 1S4; British Patent 110,284, Sept. 27, 1017. 
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form of woven wire or may be included in the composition of the walls 
of the cracking tubes; or a stirrer or scraper may be made of the alloy. 
The pressure in the heating chamber or tubes may vary from atmos- 
pheric to 600 pounds per square inch. 

J. Oltmans ^ converts higher hydrocarbons into lower hydro- 
carbons, e.g., coal tar or tar oil to benzol, petroleum to benzine, etc., 
by vaporizing the oil and mixing the vapor with steam at 5-6 atmos- 
pheres, thorough admixture being insured by passing the inix('d vapors 
through a zig zag length of piping. The vapors then pass through a 
mass of coal or coke previously i)rought. to incandescence', by ignition in 
a current of air. The products of reaction pass through a scnibb('r, 
and are then mixed with a further (piantity of ste am and pass inte) 
a ce)ndenser. The aque'ous portie)n of the conelensed liepiid is sepa- 
rates! anel the re'inaineler purified by elistillatie)n. 

In the manufacture e)f a ce)mbustible liquiel acceu'ding to N. Falk- 
Hultgren and E. H. Vidstrand ^ cennpejunels e^f the methane', ethylene', 
or benzene series, such as the elry elist illation proelucts from peat, 
coal, etc., are heated with water vapor te) 2000° ( \ (3632° F.). The' 
resulting liquid consists of a mixture of several heavy hydrocarbons 
and their isomers, and in composition is saiei to be intermediate be'tween 
the methane and the ethylene series. 

Gasoline j^ractically free from unsaturateel hydre)carbe)ns is claimed 
to be obtained by E. L. Davies^ from a high-l:)e)iling petre)leum oil 
by mixing the vaporizeel oil with superheate'el steam and passing th(' 
mixture under pressure through a tubular cracking appai’atus i)ack('d 
with iron or steel shavings. The yield of gasoline is reported to in- 
crease with the pressure, up to 100 pounds per scpiare inch, whi(!h was 
the highest pressure employed, and the best results wer(‘ obtained by 
using about 10 pounds of steam per gallon of oil, superheating tlu' 
steam to at least 600° C. (1112° F.) and cracking at 650° to 675° G. (1202°- 
1247° F.). The loss of oil through carbonization, gas formation, etc., 
was 10-12 per cent and the iron or steel shavings had to be frequently 
renewed. The gasoline obtained resembled commercial 72° Baume 
naphtha (specific gravity 0.693) in its pro])erties and its behavior 
when used in motor cycle and automobile motors. The cost of pro- 
duction in cents per gallon is estimated to be one and one-third times 
the cost of the oil used as raw material plus ninety per cent. 

1 J. S. C. I. 1018, 295A; British Patent 108,451, .Jan. 2, 1017; Tnt. Conv., 
Aug. 1, 1010. 

* Chem. Abs. 1015, 2452, 148; Norwegian Patent 24,570, Jan. 18, 1913. 

3 J. S. C. I. 1910, 461; J. Ind. Eng. Chem. 1016, 114-118. 
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Shedlock and the Optime Motor Spirit Syndicate ^ emulsify the 
cracking stock with water by means of an emulsifying agent (for ex- 
ample, resin soap) and then force this mixture through a retort under 
pressure (3 to G atmospheres) which is packed with iron, steel, or nickel 
shavings and heated from 500° to 900° F. (260°-482° C.). Nas(;ent hydro- 
* goh is said to be produced by the action of the steam on the metal. 
The reaction products are expanded and dephlegmated, light oils re- 
covered and heavier oils sent back to the supply vc'ssel. 

R. H. Brownlee ^ increases the yield of low boiling liquid products 
by introducing st(‘am into th(‘ lower extremity of a vertically extending 
pipe system maintained at a temperature of over 800° F. (427° C\) and 
a i)ressurc of over five atmospheres. Oil is injected below the upper 
extremity of the system, and a reflux of heavy oils takes place so that 
heavier components separating at any point undergo a further trc'at- 
ment^n the prescaiee of a similler con(‘entration of the lighter products 
than aftlu' ])oint of their separation. 

§ Moeller and Woltereck ® [)ass th(‘ vapors of heavy oil mixed with 
highly sui)(‘rh('at('d steam through iron tubes la^ated to (>00° to 800° (1 
(1112 1I72°F.). The tubes are filled with brokcai coke and it is said 
that nasecMit hydrogen is produced by the reaction between the coke and 
sup(‘rh(‘at(‘d stcaini. It is also said that this nascent hydrogen aids 
in bn'aking down molecules of high(‘r into those of lower molecular 
w(>ight , and that this ])roduc(‘s an incnaised yield of light hydrocarbons. 
No supc'rat mospheric pi'cssurc' is us(‘<l. The steam is superheatc'd to 
700° to 800° V. (1292°- 1 472° F.) in an appaiatiis which allows the steam 
to ('xpand while it. is being heat(Ml. 

Schiller^ boils crude petroleum containing sul[)hur, or distillates, 
with th(‘ addition of zinc dust and dry causti<* s<ala. Two (‘ff('cts arc 
said to be obtained: (1) the convc'rsion of organic sulphur into hydro- 
g(‘n sulphide', and ultimately to zinc sulphide' anel (2) the ek'ce)mposition 
of the higlu'r be)iling oils inte) burning oils. It is set forth that the 
nasce'iit hyelroge'U evolve'd aiels this elex*ompe)sition. 

T. G. Hall ^ subjects crude oil cemtaining sulphur to low cracking 
tem|)e‘rat ures in the pre'se'iice of ste.'un and large' surfaces of refracteay 
mate'rials anel finds tluit besides re'inoving sulphur from the oil the 
Bauiim gravity of the latter is incre'ase'el, i.e., cracking takes place. 

* 1 ^ *1 Britisli Patent 1878, Jan. 23, P)14. 

2 (Jieni. Abs. 1919, 185; Uanaelian Pate'nt 185,052, June 25, 1918; U. S. 
Patent 1,320,370, Nov. 4, 1919. 

» Britisli Patent 10,011, July 19, 1913. 

^ U. S. Patent 580, (>52, April 13, 1897. 

^ II. S. Patent 372,072, Nov. 8, 1887. 
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The converter has a diameter of about ten feet and a length of about thu^- 
feet, and is filled a little more than half-full with fragments of granite about two 
or three inches in diameter. Into the bottom of this still, through a suitable 
perforated pipe or pipes, extending the length of the still, the (;rude oil and 
steam are injected, using a steam injector. The still itself is constructed so that a 
high temperature can be obtained, especially in the upper part of the granite. 
This temperature ranges from 420° to 400° F. (2lG°-2;i8° 0.) though higher tem- 
peratures are used under some conditions. In the presence of highly-heated blocks 
of granite at these temperatures it is stated that the sulpluir leaves the oil, and in 
the condition of sulphureted hydrogen piusses into the water, where it is detected 
by the usual tests. ^Vs a result of this treatment it was found that the spc'cific 
gravity of the oil had been diminished, or its degree, Baiimi'', increased. Taking 
a 32° gravity Canadian oil, the gravity of the first run was found to be from 47 to 
48° on an average. This oil, the gravity of which had been increjised from about 
32 to 48° Raume was rerun through the same converter and condenser as before, 
with an additional supply of steam. The result of this second treatment was to 


T 



Figs. 142. — Hawes’ apparatus emfiloying gravel as contact agent. 


still further purify it. The average gravity was likewise somewhat increased in , 
this second nin, generally from one to two degrees. Marble, quicklime, and 
cryolite were also found to give satisfactory results. 

B, N. Hawes ^ passes a mixture of steam and oil vapors through a • 
mass of gravel heated to 400° to 600° F. (204°-316° C.) in order to d(‘- 
sulphurize the oil. A certain amount of cracking is also said to take 
place. 

The apparatus used is showm in Figs. 1 12 and 143. 

Chamber D, Figs. 142 and 143, is connected with a vertical cylindrical chamber 
F' by means of a coupling F'\ above which is arranged a i)erforat(‘d diaphragm f/, 
for supporting a filling of gravel 6", the chamber being filled to about one-half its 
height, leaving a space above the gravel, into which is inserted the end // of a pii)e 
/, leading from a dome J in the boiler B, the end H extending sufficiently inb. the 
chamber F' to cause a vacuum in it when sufficient steam is injected into 
siphon the vaporized hydrocarbon oil contained in the vaporizer C, there being a 
pipe K leading from a dome L in the vaporizer, and tapped into the upper end of • 
chamber F'. 

' U. S. Patent 444,833, Jan 20, 1801. 
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Chfimbcr D luis a perforated diaphragm U, extending longitudinally, upon 
which rests a filling of gravel M, entirely filling the remaining upper portion of the 
vaporizer. N Is a pipe tapped into the dome J of the boiler and provided with 
a perforated end portion 0, which extends into the desulphurizing-chamber below 
^ the diaphragm for the purpose of delivering a series of jets of steam. P is a pipe 
for c onveying either a gaseous or liquid fuel to burner located beneath the boiler 
U![i^)rizer and desulphurizing-chambcr for generating steam in the boiler, vaporizing 
the oil in the vaporizing-chamber, and heating the combined vapor sufficiently to re- 
lejise the sulphur, which unites with and is carried off with the water of condensation. 
It is stati'd that to insure union of the hydrogen and sulphur there must be an 
intimate mixture of the steam and hydrocarbon vapor in a proper proportion prior 
to the release of the sulphur. Uo insure this intimate mixture the vapors arc first 
passed through the gravel in 
chamber E', where the agita- 
tion caused by the jet of steam 
forcnig th(‘ intermingled vapors 
rapieVv through the gravel 
“ atoiAzc's ” the vapors. They 
an^ th( a\j )assed into the de- 
^siilidiurizirig-c.hamber I), where 
" the c()rnmingled vapors ar(‘ 
heated to a temperature suffi- 
ciently high to cause the sul- 
phur to separate from the oil 
vapor and combine with the 
hv(lrog(‘n, this temperature 
being from 4{X)^ to ()(X)° F. 

(2()4"’-IU(F (' ), throughout the 
entire interior surface of the chamlx'r. 4\) prevent discoloration or injury to the 
hv dnx^arbon vapor while being subjc'cted to the intense heat necessary to insure 
disintegration thi're is a series of jets of steam impinging upon and rising through 
tlie grav(‘l from the perlorated end () of pijieiV, which in the process of superheating 
from the normal temperature of from 212° to 250° F. (100°-12r C.) suppo.sedly 
assists in bleaching and deodorizing tlu^ oil vapors 

ihe water of condensation is said to b(* of a black or inky color of sulphurous 
odor, le;ivmg tiu; dLstillate bleached, deodorized, ami of a high grade fire test. 

Mengel and Von Pohrnhoff ‘ report c'd obtaining a larger yield of 
illuminating oil from petroleum residuums by ilrojtping liquid water 
lieati'd residuums contained in a still. 

rti(;y state that in the ordinary pro(;ess of distilling petroleum to obtain il- 
luminating oil there is always a tarry residuum, from which no more oil suitable 
for illumination can be obtained and that attempts made to eff(‘ct the distillation 
or conversion of illuminating oils from this residuum by the introduction of steam 
■’jto the still were without success. It is stated that by the introduction of water 
in a li(|uid state into tlu' still, and in contact with the residuum, while the latter 
is heat(‘d to the high temperature of from 000° to 8(K)° F. (31G°-427° C.), a very 
large proportion, namely, from eighty-five to ninety per cent, of the tar oil may be 
converted into illuminating oil. The still, in its head or upper part, is furnished 

^ U. S. Patent, 116,852, July 11, 1871. 



Fig. 148. — Detail of Hawes’ apparatus showing 
gravid packing. 
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with a cock, above which is a funnel, with a siphon-trap between it and the cocw 
The funnel is kept supplied with water. When the residuum in the still luis been 
heated to above 600° F. (316° C.) the cock is opened and water allowed to drop 
into the still and fall upon the surface of the tar or residuum. The vapors thus 
eliminated pass out of the still, and are condensed in the usual way and collected 
in the form of illuminating oil, which, though of dark color, is of a light specific 
gravity. 

It is stated that from petroleum residuum of a gravity of 2o° Haiimt^, about 
eighty-seven jier cent of dark oil was obtained, all of which wjis consumed in a 
lamp, and which burned freely to the last drop. 'Flie (plant ity of water dropped 



into the still is regulated by opening the cock more or less, and d(‘{)ends U]}on the 
quality of the residuum to be converted and the temjierature of the still. Gen- 
erally during the process a (piantity of water about e(pial to from one to three per 
cent of the tar or oil Is used. 

H. Zerning ^ prepan\s reactive products from hydrocair^uifs by 
spraying paraffin oils and water into a system of tubes, of which the 
first section is heated to about 300° C. (572° F.) the next to above 
500° C. (932° F.) and the last to about 700° C. (1292° F.), the myst 
favorable excess pressure being 0.2 atmosphere. Highly reactiv<^r- 
products arc obtained, which can be readily oxidized, nitrated and 
sulphonated. P'or example, the product from high-boiling American 
petroleum yields with sulphuric acid, bodies resembling shellac, with 
1 J. S. C. I. 1917, 541; German Patent 295,594, May 5, 1915. 
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jfitiic acid and potassium permanganate oils with a pleasant odor, and 
l)y simple nitration, products which can be used in the manufa*cture of 
explosives. 

Zerning ^ treats a variety of organic liquids by saturating them 
with gas(^s and vai)ors and then distilling. It is maintaiiK'd that the 
^"tvSult of the method is the conversion of substance's of high boiling 
point into more volatile bodies. The liephds which are saturated arev 
(a) mineral oils, (h) mixtures of anitnal and v(‘getabl(‘ oils with fats and 
hydrocarbons or alcohols, (c) mixture's of hyeire)carbons anel alcohols. 

For obtaining light hydrocarbe)n gases to be use^l in impregnating 
heavier e)ils, Zerning ^ passes a mixture e)f alH)ut one^ j)art wate'r and 
G to 10 parts of [^etrole'um oil through pipe's e;e)atoel with fire clay which 
are heate'el to 300^ te) 400^ C. (572^-7ry2'^ F.). The re'sulting mixture of 
steVm and hyelre)carbons is then passe'd thremgh tul>e's lu'ate'd to a 
darlWreel heat. By leading the resulting hvelre)carbon gases inte) e)il 
of ST)^if|c ^ gravity 0.791 under slight pre'ssure, the spe'cific gravity of 

e)il is le)we‘a’eid to 0.775 and the flash point lowereel to 10” C. (50” F.). 
Figure 144 shows the ai)paratus use'd for this work.^ 

C. H. Washburn'* transforms kere)se'ne and pe'troleum products of 
26” to 48” Be. (spee;ific gravity 0.901 0.901) into a ])i’oduct of Baume^ 
gravity ne)t exceeding 52” (spe'cific gravity 0.777) by he'ating with water 
in a redort at 050° to 950° F. (340°-510° (\), and e*e)nelensing the vapors 
unelea’ a pressure of 3 to 5 atnie)sphe're's which is maintained both 
within the retort and the condc'iiser. 

According to tlu' New Oil Refining Process, Ltd.,^ in cracking 
miiK'ral oils, 3 paids of the latter are conduc4('d, in liquid or vapor form, 
togi'ther with wat('r, 1 i)art, into a ri'fractory retoi t, free from air and 
heat('d to 540° to 650” C. (1004°- 1202” F.) which is filled with copper, 
aluminium, alumina, bauxite, iron carbide, or their mixtures. 

O. B. Evans states that when coal tar heavy naphtha is decom- 
posed or “ fix('d ’’ in the presenca^ of steam or wat('r gas, less lamp black 
/is formed than when this decomposition takes place without such an 
^ atlmixture of steam or water gas. 

Vi^ialeumier ^ uses a mixture of steam and oil vapors at high pres- 
sure (14 atmospheres) and temperature 1400” F. (760° C.) in order to 

^ J. 8. C. I. 1913, 781; French Patent 4.52,919, Jan. 6, 1913; Int. Conv. Dec. 
13, 1912, and first addition tliercto of Jan. 14, 1913; Int. Conv. Jan. 6, 1913. 

^ * 2 British Patent 731, Jan. 9, 1913. 

3 See also Zerning, U. S. Patent 1,183,266, May 16, 1916. 

4 J. 8 C! 1. 191.5, 651; U. 8. Patent 1,138,266, May 4, 1915. 

^ Chem. Abs 1913, 3225; French Patent 451,471, Dec. 5, 1912. 

6 U. 8. Patent 1,230,087, .June 12, 1017. 

7 U. 8. Patent 1,053,074, Feb. 11, 1913. 
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produce a maximum volume of high candle power oil gas. Checki^:* 
brick \<'Ork forms the construction of the converter. 

Dibdin and Woltereck ^ decompose crude petroleum in the presence 
of highly heated iron, or iron oxide, using steam to furnish hydrogen 
by the action of the metal. The temperatures used are bright red to 
orange and the pressure is only very slightly superatmospheric, sh;c<: 
the object in view is the production of a maximum volume of permanent 
gases, consisting chiefly of hydrogen, methane and carbon monoxide. 



Fig. 145. — Apparatus of Dibdin and Woltereck for decomposing oil in the 
presence of steam and lieated iron. 

The process is bjused on the decomposition of steam by iron at high tempera- 
tures producing hydrogen and metallic oxide. A iiortion of this oxide rp;;"*’ ..im 
the hydrocarbon compounds in the oil, forming water and carbon monoxide, which 
reduces the remaining oxide back to the metallic state, with the i)r()duction of 
carbonic acid. The following equations illustrate the reactions assumed to take 
place in the proce^ss of oxidation and reduction of the metal. Taking M as the 
symbol of the metal and CJLn-a as that of the hydrocarbons, we have — ^ 

I. 2nM + 3nH20 = nM^Oa + OnH 

n. nM 203 4- CnH 2 n -2 = 2nM() -t- nCO + (2n - 2)H. 

III. 2nMO + nCO + 2nH = 2nM + nCOa 4- nH20. 

1 British Patent 19,152, Sept. 25, 1901. 
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./resuming tliosc three reactions in one: 

2nM 1- ‘inHiO f CnH 2«-2 - 2nM + nCOa + (On - 2)H • 

Tlie m('tal acts lus a carrier of tiie oxygen from the water to the carbon of the 
hydrocarbon. In case it is found desirable the contact material may bo composed 
I)artly or totally of the oxide of a suitable metal. In this case reactions II and III 
primarily in place of reaction 1. 

Tlie excess of hydrocarbons present is during this process broken up into less 
complex molecules, or react, s with the hydrogen to form new compounds producing 
methane, ethylene, etc., which furnish the illuminating power to the gas produced. 
Ily varying the proportions of oil and steam according to the desired illuminating 
power, the quality of the gas may be varied. With tlie minimum of oil required 
for the jirocess of reduction, a production of about 200,000 cu. ft. may be ob- 
tained of a giis of low illuminating power but ideal quality lus power gas in not 
containing any incombustible gases after purification (practically all carbonic acid 
being removed), and consisting chief ly of hydrogen, methane and carbon monoxide, 
'riii^netal is emiiloycd in the form of perforated disks, which may be strung on a 
centiL rod (,o enable tlumi to be easily rcanoved for inspection and which should 
fit inb^he retort (unployed as closely as po.ssible. 

' In Fig. 145, A is tlio n'actioii dianilKu* formed by an iron retort, 
built into tin; regenerator furntice 71. A is filled with the contact ma- 
terial in the form of [)erf()ratcd iron disks K, strung on the ccmtral rod R. 
The r(‘tort is provided with the injc'ctor C for the introduction of oil 
and st(^am which arc supplied to it by pipe M for the oil and pipe L 
for st(‘tini which is supcu’heated in tlie coils NN placed in the furnace 
below the retort A. The gjis foiaiK'd esca])es through 73 and the hy- 
draulic; I to the; condensers and purifiers as usual in gas works. 

Dibdin and Woltcreck ^ c^ommemting on the use of stcnim in pro- 
ducing oil gas, state that the pi-oduction of a maximum volume of high 
(;andl(' power gas is hampered by the formation of considerable fixed 
carbon. It is noted that the production of rcdatively small volumes of 
gas of good candle power is not difficult but that if it is attempted to 
use; veiy high temperature's (white heat) in order to increase this volume, 
then the illuminating power falls off with the simultaneous increase in 
fri’odiictioii of fixed carbon. It is stated that this difficulty may be 
vc'iy coiisidc'rably helpcal by passing oil vapors and steam through 
rc'f (>i\ 6 ’/^ackc^d with a mixture of ferrous and fc'rric oxides at a bright 
orange heat. The catalyst is made by iiacking the retorts with iron 
tubes, heating to a bright real hc'at and then passing a mixture of oil- 
vapors and steam through the retorts at this temperature; for several 
^lays. This converts the iron into mixed oxides. Some free ferrous 
oxide should be prc'sent. 

W. A. Hall * reports making an oil gas (containing the substances 

^ British Patent, 26,666, Dec. 21, 1905. 

2 U. S. Patent 1,105,772, Aug. 4, 1914. 
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listed below in the proportions named), by forcing a mixture of wa^t-x 
and hdavy oil through a mass of catalytic nickel. 

Methane 48.6% 

Ethylene 40.5 

Hydrogen 6.4 

Nitrogen 1.79 

Oxygen 1.10 

CX) and OO 2 16 

H 2 S and CS 2 none 


It is to be noted that Hall states that the t(‘mperatures employed 
(650° to 750° (\ i.e. 1202°-1382° F.) are above ‘‘that at which the cataly- 
tic proi)erties of nickel are destroyed by union with sulphur, that, on th(^ 
contrary, sulphur (und(‘r the conditions used) would be conveyted 
principally into the form of hydrogen sulphide.’’ ✓ 

A mi.xturo of oil and wator, in equal proportions, is passed thr? 
receptacle containing metallic nickel, which may be m the foi'in of shot, or small 
irregularly shaped pieces, and which is maintained at, a tempcTature high enough 
so that tiie nickel will cause the dissociation of water into its elements, which tem- 
perature is also high enough so that nickel o.xide cannot exist in the presence of the 
reducing agents present, such a temperature b(‘ing, for exam[)le, about to 750° C. 
(r20‘2°-13S2° F.). Under these conditions the hydrocarbons of the oil are first 
cracked into hydrocarbons having a smaller numlier of carbon atoms, and a part 
of the water present is convertc'd into hvdrogen and oxygen. The hydrogen at- 
taches itself, it IS said, to some of the un.saturated hydrocarbon bodies pre.sent, and 
the oxygen attaches itself to carbon atoms, forming princiiially carbon monoxide, 
although there may be some carbon dioxide* also produced, since it is firacncally 
impossible to maintain the temiierature exactly at the point at which carbon 
monoxide will be formed e.xclusively instead of some carbon dioxide. In carrying 
out this process crude petroleum oil may be employed, although for economical 
rea-sons, it is preferred to u.se “ still bottoms ” or “ stripped oil,” or oil from which 
at least the gasoline and kero.sene fractions have been distilled. Should the oil 
employed contain mat(‘rial quantities of sulphur, sm^h as Beaumont oil, Tama oil, 
or certain of the (Canadian oils, which are high in sulphur, this sulphur would not 
materially injure the nickel, since the temperature is above that at which the cata- 
lytic pro[K’rties of nickel are destroyed by union with sulphur, but on the contrary 
this sulphur would be convert-d prim-ipally into the form of hydrogen^, ’- aU 
although small amounts of carbon disulphide might lx* formed. These sulphur 
compounds can be removed from the gas by any of the usual methods, if their 
pre^sence in the gas would be objectionable in the particular process in which the gas 
is to be employed. In place of pure nickel, nick(‘l containing small (luantities of 
other metals may be used such as cobalt or copper which is commonly associated, 
with nickel; and nickel containing small quantities of cobalt appears to facilitate 
this reaction, even better than pure nickel. 

Owing to the fact that heating the mixture of oil and water to the temperature 
stated gives some pressure, it is nec^essary to use a force pump in forcing the oil 
and water into the decomposing vcs.scl. At this pressure and high temperature, 
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. 'there is (luite a tendency for the oil in cracking to form a crust or scale on the walls 
of the decomposing vessel, and on the nickel, but the exci'ss of water always pres- 
ent overcomes this, it is stated, to a large degree. This ls one of the reiusons why 
it is necessary to use an excess of water. 

Van Steenbergh ' observes wlien oil is mixed with superheated steam 
. :rad subjected to eoiitact with carbon at about 1800° F. (982° C.) that 
the steam is decomposed, resulting in the production of nudhane, hy- 
drogen and carbon monoxide, whei‘(‘as at about 800° to 8.50° F. (427°-4.54° 
C.), the steam is not decomposc'd and the oil is brokiui up yielding 
olefins. 

Vernon Boys ^ subjects heavy oil and steam to a temperature of 
about 315° C. (599° F.). 

A. E. Alexander *^ describes an oil cracking apparatus in which 

S said to be decomposed into its (‘huiients in tlu' presiuice of 
palladium or nickel at tempiu al ures ranging from about 59.3*^ to 
LOO"^ d()00° F.) and pressures from 2.30 pounds per square inch 
■'Uown lo a minimum [iressure. 

Within a furnace are throe superimposed coils of piping. Water is forced 
through th(5 top coil, and the steam generated is passed into the bottom of a closed 
tank containing hydrocarbon oil, thereby forming an emulsion of oil and steam 
which is forced by air pressure upwards through th(‘ middle or “ subgenerator ” 
coil on leaving which it passes down a pipe outside (he furnace, through an 
atomizer, and into the uiiper (*nd of (he low(‘st or “ generator ” coil. At the lower, 
outlet end of this coil (here is a metallic catalyst (|)la(inum, palladium, or nickel) 
in the form of a spirally wound coil of wire gradually deia-easing in diameter until 
it merges into a point direetial reversely to the (low of (he gases. By the action 
of (he catalyst (he water vapor is said to be (h'composed and the hydrogen formed, 
together with free hydrogen producial by dcaaimposition of the oil, ls caused to 
combine with hydrocarbons, forming compounds of low boiling ])oint. The ap- 
paratus also includes a conden.ser, a separator, and a scrubber, ^\’hen it is desired to 
]iroiluce a maxiniuin of fixed gas, th(' generator is heated to about IbUO'’ F. (about 
<S7r)°G.) and the pressure is reduiH'd to a minimum; when a maximum of hydro- 
carbon compounds of low boiling point is reipiired, the pressure is increa.sed to 
about 250 pounds per square inch and the teiniierature reduced to about 1100° F. 
^ (about 505° G.) 

^ , R. B. Day prc'bcats oil and water and pumps a mixture of the two 
into tTic upper cud of a cracking tub(‘ provided with a number of coils 
situated in a chamber heated from (>00° F. (about 320° (k) to 2000° F. 
((d)out 1100° (1). At the lower and hotter end of the tube there is a 
• catalyst of nickel-chromium steid in the form of a woven net. The 
cracked vapors are led off through two condensi'rs, in tlui first of which 

1 U. S. Patent 1,124, .304, ,Jan. 12, 1915. 

2 Met. and Chem. Eng. 1914, ISO. 

8 J. 8 . C. I. 191.S, 6S3A; British Patent 119,485, July 5, 1917. 

* J. S. C. I. 1918, 701 A.; British Patent 120,230, Sept. 27, 1917. 



344 


M(yi'OR FUELS 


the cooling medium is the oil under treatment, which is thus preheated, 
while in the second, water is used. The cracking tubes are ari*anged 
in a battery of six, each being supplied by means of a separate ])ump. 
An air pump is also connected with the top of each tube in order to 
blow out the tube when necessary and remove deposits of carbon. 
A temperature of 110(3° F. (about 595° C.) and a pressure of 150 lb. 
per square inch in the cracking tubes are stated to give good results 
(in producing motor fuel). 

Briefly stated, the process of C. H.Warth ‘ involves heating a mixture 
of kerosene and superheated steam to disintegrate the oil. The vapors 
are passed through an ('xpansion tank, then a condenser; condensed 



steam is withdrawn and oil recovered and distilled. The heavier oils 
are f)assed through the furnace again. 

W. M. McComb 2 mixes hydrocarbons with steam and passes the 
mixture (hi-ough a coil of pipe which has a downward pit(4i or slope, 
the slope of the pipe increasing as it approaches the source of heat. 
One of the objects of the process is to give the mixture of vapcft^^'a 
circulatory or gyratory movement so as to aid in obtaining a uniform 
exposure of all parts of the vapors to the heat api)lied. 

A. B. Adams ^ (h^composes hydrocarbon oils by treatment with 
steam and subsequent cracking. The oil is agitated, emulsified, and 
“ expanded ” by means of steam, and the resulting emulsion is treated 

‘ Chem. Abs. 1010, 1024; Canadian Patent 101,440, July 8, 1010. 

2 U. S. Patent 1,337,144, Apr. 13, 1020. 

» Chem. Abs. 1910, 1024; French Patent 486,312, Mar. 22, 1918. 
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in a generator, where cracking occurs. The resulting gaseous hydro- 
carbons and steam are then passed into contact with a finely divided 
catalyzer of nickel, platinum or palladium. 

Interest may be directed to the process of H. C.Wade.^ This process 
deals with passing a mixture of water and oil first through a prelu^atei' 
* and then through a coil of pipe heated to a high temperature. Figure; 146 
shows the preheating coil arranged above the cracking coil in a fmnaee 
setting. The two tanks on the left contain water and oil resix'ctively. 
The portion of the cracking coil marked A in Fig. 146 contains a mass 
of catalytic metal, for example nickel. The cracking is conducted 
under pressure, and it is said that a formation of naphthenes takes 
place previous to the point where the nickel catalyzc'r is located, and 
Uiat when the naphthenes come in contact with the nickel they are 
(Vhydrogenated and yield benzol and toluol. 

^ A u. S. Patent 1,336,450, April 13, 1920. 



CHAPTER XVri 

PROCESSES USING STEk'M. ~ Continued 
Greenstreet Process 

The Greenstreet process ^ involv(‘s conliniiously pumping petroleum 
into flat coils of long pipes with “ U ” bends under heat, pn'ssurc' and 
in the presence of steam. Under such conditions lh(‘ petrohmin breaks 
down yielding gasoline, making it possible^, it is said, to obtain a ic- 
covery of 50 per cimt to 60 per cent of volunu' furnace charge f om 
most of the petroleums of a paraffin base, or a mixed paraffi* ’ and 
asphaltum base produced in the United State's. ddi(‘ manutactmihg 
cost, (k'pending upon local labor and fuel conditions, is statc'd to be 
ajiproximately 1 cent to 2 cents pe'r gallon for the' finishe'el product. 
The apparatus consists of a furnace' in which the're' are' placed six or 
more long flat coils of 2-inch tubing, e'ach coil having a e'emtinueius 
length of about 425 feet. They arc known as cracking coils anel are 
suspendeel in the furn^ice from steel beams. These' coils have^ but two 
exterior connections and are readily re'moveel or re'place'd within a short 
period of time by the use of chain lifting blocks. 

In the same furnace there' is placeel another coil eif 2-inch pipe, into 
which the oil is first pumped, which last mentioned coil is not he'ate'el 
to the high temperature of the cracking coils and se'rves as a preheate'i*. 
As oil passes from the prehe'ater anel just as it enters the cracking coils 
it is mixed with live steam. Steam and oil vapors ente'r the cracking 
coils together anel immediately pass inlo the area of high temperature. 
This mixture of oil and steam is forceel through the cracking coils with 
great rapidity and the vapors pass into an expansion tank, one of which 
serves each cracking coil in the furnace. These tanks have the ^loubler 
purpose of equalizing the pressure on the cracking coils and of con- 
tinuing the cracking of the oil while it is sufficiently hot. From the 
expansion tanks the oil passes into a condenser coil, and the liquid 
thus produced is treated in the usual manner for making gasoline. 
The entire apparatus, cracking coils, preheaters and all the tanks up to 
the point where the vapors enter the condenser coils, is maintained 
under high pressure which vari(*s according to the petroleum treated. 

^ R. H. Kinnoar, Petroleum Age, 1919 [0], 76-78. 
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In the construction of the furnace the equipment is entirely sup- 
ported upon steel framework, with brick enclosures. The •firing is 
accomplished by tlie use of an Illinois chain grate stoker fed from a 
hopper, eliminating temperature fluctuations frequently caused where 
hand firing prevails. 

In a control house located directly in the rear of the furnace, meters 
to each coil indicate the volume of distillate or ])eti*oleum fiasscd, while 
indicating and recording gages give the amount of steam, oil and back 
pressure employed in th(i operation. This cfiuipmeiit affords visualiza- 
tion to the operator of the furnace and permits an adjustment of the 
important elements. In opi^ration tlie oil is not all broken down into 
gasoline the first titm^ it pass(‘s through the cracking coils, but after the 
gasoline is removed the residuum is rerun and this may be continued 
ufdil the possibility of producing gasoline out of th(^ particular material 
is ^lausted. Usually it is found that this will occur with two reruns. 

Tila nt utility the (In'cmst reet proc(^ss and ai:)paratus c.an be, it is 
stated, of great service and value to the n^finer. It is imn’cdy requisite; 
to adjust the pressure, temperature and speed of the hn'ding of the 
steaTU and oil, to ged a variety of n'sults and enable the rehner to manu- 
facture' proelucts for whie*h at the' time the'ie is the greatc'st demand. 
If the eleanand fe)r gase)line e'xce'eels the ele'inand for kere)sene, the state- 
nu'iit is made that it is only neea'ssary fe)r the re'finer to put his keroseme' 
elistillates through these cracking coils and ce)nvert a large' percentage' 
the're'of inte) gasoline. The pre)cess we)rks with keroseme distillate's as 
we'll as the he'avier fractie)ns of pe'trede'um. On the othe'r hand, if the 
re'fiiK'r ele^sires te) make a lubricating stoe'k he will extract only so much 
of the^ gase)line' anel lighte'r fractie)ns as he de'sire's anel use a part of the 
re'sieluum for making lubricating oil. 

Atte'ntion is called te) the statememt that when the conelitions of 
speeel, i)re'ssure and sufficient steam are pi-e)perly coordinate'd there is 
never any carbein forme^el in the^ (Ireenstren't crae'king coils, and these 
^correctly re'gulated conditions have resulte'd in commercializing the 
process. 

‘ TIk; use of the steam stilled syntlu'tic e*rudc gasoline produceel 
by this rnethoel and without refining or tre'ating has in several instances 
lieen feiund, it is said, teidx' a most satisfactory and economical fuel for 
tractor motors. 

^ The procc'ss also is claimed to be of value in that by its use some 
of the crude petroleum produced in the United States that now yields 
no gasoline, or sucli a small percentage by the usual methods as 
makes it unprofitable, can be made to produce a large percentage of 
gasoline. This was found to be the case, it is said, in treating what 
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is known as Caddo crude* from the Red River district in Louisiana. 
This is a paraffin base crude out of whicli but little gasoliiK^ can be 
obtained by the usual methods, but which has a large keroscru* content, 
and when treated by the Grcenstrect process, is claimed to yield up- 
wards of 60 per cent by voliune of high grade, water- white gasoline. 

The Gasoline Corporation ^ manufactures a product resembling 
crude petrol(*uni and having cherry -red color and sweetish odor by 
cracking a hydrocarbon oil of a density of 32°-50° Re. by heating it 
to 8(X)° to 1500° F. ( 427°-816° C.) under a pressure of 80 125 pounds in 
the presence of steam. A colorless gasoline substituU* distilling uni- 
formly up to 410° F. (210° C.) and of a density of 50°-52° Re. is said to 
be obtained from the ‘‘synthetic’' product by distillation. The* oil is 
pumped through pipes to preheating coils and cracking coils. Steam 
is admitted at the entrance to the preheating coils and the cracking 
coils, and is also mixc'd with the products issuing from the cracyihg 
coils. The products pass to expansion or gas chambers, whofjcjiurposc 
is to minimize fluctuations of pressure in the af)paratus, and then 
through pr(*ssure-cont rolling valves to a cond(*nser. The liquids from 
the condenser flow to a collector, and the gases are led to a scrubber 
through which flows a stream of naphtha, the f)roducts obtained by 
absorption being added to those obtained by cond(*nsation. ft is i)re- 
ferred to operate on raw mat(*rials of narrow distillation rang(*s obtained 
by fractionating crude petroleum. St(*am is used in the proportion of 
1 to 6 or 8 of the distillate obtained. The product is fractionat(Ml in 
the usual manner up to 4.50° F. (232° C.) aiifl tlu^ residing is subjected 
to a further cracking operation, alom^ or mixed with raw material. 
The distillate (benzine) is treated with sulphuric acid which is added in 
small portions at a time to prevent the temperature from rising above 
60° to 70° F. (16‘^-21° 0.) and is then wixshed with water, alkali, and water 
in succession, and distilled with steam in the usual manner. The 
cracking operation is regulated in accordance with tin* color of the* drip 
aiul fume escaping from a valve at the end of the cracking coils. Wlnm 
the operation is satisfactory, the ‘‘drip,” it is said, is cherry-red to light 
brown and the fume white; if the drip is black and the fume lirownish,' 
aromatic hydrocarbons accompanied by free carbon and gas are being 
formed. Deposits of carbon arc removed from the interior of the (;oils 
by aflmitting air or other oxygen-containing gas through pipes, steam 
or similar diluting agent being simultaneously admitted to prevent over- 
heating and destruction of the coils. 

^ Chem. Abs. 1918, 1833; British Patent, 11.5,014, Aug. 3, 1917. (Greenstreet 
Process.) 
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Greenstreet ’ us(‘s a steam pressure of about 100 pounds per squani 
inch and an oil pressure (in the oil feed tanks) of 50 pounds. Tlu'se 
pressures suffice to force the mixture of oil and steam through tlu^ 
cracking coil, which is one and one-half inches in diameter and one 
hundred feet in length (see Fig. 147) and is heated to a cherry n'd heat. 
A t('st burner situated at the end of the cracking coil is employ(‘d as a 
means of (controlling the rate of feed of oil and of steam. 

OpcTutioii is as follows: Tho furnace is first heated by means of crude oil sup- 
plied from the f(‘ed tank to a burner, where it is atomized by steam. IMcainwhile, 
steam is beiny; inj(ac(,ed throujjjh the atomizer .1 and forced (tiroufz:h th(‘ ap])aratus 
under jiressure from the orif^mal source of steam. During this preliminary heating 
not only the temperature of the coil is raised, but the tempiTature of the condens- 
ing tanks is also raised. When the lu'ating coil reaches a cherry rial heat, one or 
bpth of the vtdves in the branch steam jiipes B and C are ojiened to jiroduce a 
]ir:?ssure on the crude oil suiiply tanks, and either or both of the valves in the 
ouvi^t pipes of these tanks are opened gradually to pi'rmit tho oil to be forcial into 
th(‘ atomizer. The oil thus atomized is forced uiidiT the pressure of the steam 
through a long cracking coil o wh(‘re it is gradually transformial from heavier hy- 
droccaibons into lighter hydroe.arbons. This transformation is facilitated by tlu* 
high temperature, the pri'ssure inside the coil, the continuous smoothness of the 
interior of the heating coil and the uniformity of its cross sectional area. 

The transformation of the heavy hydrocarbon compounds into lighter ones 
absorbs a considi'rable quantity of heat, and care must be taken to ki'i'p th(' 
tenip(‘rature of the (coil high enough to maintain the continuity of thi' ))rocess 
Although the whohc coil may be a bright ch(‘rry red when the oil is first passial 
into it, the color of the inlet portion soon becom(‘s dull on account of the ra])id 
absorption of heat, (wen while the temperature of the furnace continues uniform 
Liki'wise, the transformation from a heavy hydrocarbon into hghtiT hydrocarbons 
causes an increase in the volume of vapor and, eonseijuently, an increase in 
th(‘. ])ressure within th(‘. heating coil on account of the fact- that tlu* diameter of 
the heating c-oil is uniform. Ckmsidcrable pri'ssure is thiTefore rcquinal to force 
the material through the heating coil rapidly. This pn^ssure will increase as the 
length of the coil incre:ises and as its bore or intiTiial diameter decreases. 

Satisfactory n'sults tire obtaimal whi'n tlu^ heating coil is a con- 
'tinuoiis pipe with an inside diameter of about an incli tind (Jiic-htilf 
and of a length of one hundred feet, when the initial steam pressure 
is one .hundred pounds per square inch, and the pressure on the oil in 
the feed tank is tibout fifty pounds per square inch, tlie temperature 
b(dng cherry red.^ 

^ The temperature of the heating coil influences the products, but those which 
^result from the treatment of given crude oil at a given temperature are of uni- 
form (juality. For instance, definite and uniform jiroducts can be obtained from 

^ U. S. Patent 1,110,924, Sept. 15, 1914; see also British Patent 10,452, July 
13, 1912. 

* Sec also U. S. Patents, 1,106,9H2, Jan. 4, 1916, and 1,110,923, Sept. 15, 1914. 
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Fig. 147. — Diagram of Greenstreet process, (The numbers enclo.sed in curies indicate the course taken by the 
cracking stock and its products in passmg through the apparatus.) 
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a given crude oil by treating at a red heat; whcre;i8 certain other pro(Jucts also 
of a dc'finite and uniform quality will be obtained by treating another portion of 
the same crude oil at a bright cherry heat. The temperature may be varied, 
tlierefore, to suit the requirements of the desired product. The product re^sulting 
Troin the foregoing treatment is a mixture consisting principally of paraffins and 
oU'fms, the amount of the latter varying from a small percentage in the lighter 
gasolines and naphthas to as high as forty per cent or more in the heavier oils. 
The product is free from '' greiuse ” and is therefore regarded as suitable for cleans- 
ing purposes and for internal combustion motors. On account of its large content 
of olefins the gasoline produced is .said to have a higher heating efficiency than 
gasoline produced by the processes commonly practiced. 

As a matter of economy, it is desirable to limit the (piaritity of steam or water 
used in the process; and for determining the proper (juantity of water and steam, 
a test burner is used. This test burner is connected to the delivery pipe of the 
heating coil. Initially steam alone issues from the test burner; but when the crude 
oil is admitted in gradually increasing (luanlity, the vapor resulting from it will 
issu(\ along with the steam through the t(‘st burner. So long as th(‘ stc'am is largely 
m ex(Vss, Ihe vapor issuing from the test burner will not burn with a steady flame; 
and conseiiie^ntly, the oil should be admitted in larger projiortion to the atomizer 
until the vapor issuing from the t(‘st burner burns with a continuous flame. The 
lest burner should b(‘ of the Bunsen type so as to insure a thorough (annmingling of 
air with th(‘ vapor before ignition The proportion of oil can be increased until 
the t(‘st flame shows a tendency to a reddish or yellowish color, winch color in- 
dicates a destruction of a portion of the oil. When this color indication appears, 
the proportion of oil should be slightly decreas(*d until the test flame becomes 
bluish. 

From the heating coil, the product piusses into the first condensing tank, 
where the mor(‘ easily c.ondensable portion of th(‘ product is condiaisial. As the 
opiTation of the apparatus continues the (a)nden.s(‘r tanks gradually become hotter, 
so that a portion ol the product which condenses in a given tank in the early 
jieriod of th(‘ opiuation will distill over to the n<‘xt tank at a later jiiTiod of the 
operation It is desirable to continue until the temperatun' of the last condensing 
tank IS slightly in excess of the boiling iioint of water. l'’rom the last condensing 
tank, the product jiasses through the condensing coil E which is cooled by water; 
so that th(‘ o'sulting product, which enters the ga, soilin' separation tank is mostly 
gasoline and water. The water is drawn out from lime to time from the bottom 
oMhe gasoline tank, and the gasoline is then passed into a still whereupon the 
coniK'ction between the gasoline tank and still is cut olT. J^ive steam is tlii'ii in- 
jected into the still with the result, of vaporizing the lighter portions, which jiass 
out into the condensing coil F, From the condensing coil F the gasoline passes 
to the (h'hvery pipe F'\ but the lightest portion of the gasoline is trapped and 
escapes through a by-pass into the casing head gasoline tank where it is absorbed 
bv lic'avy oil. After this distillation the operation is continued for some time, 
the water in the still tank is drawn off and the remaining contents are passed into 

collection tank. From time to time the contents of one or more of the con- 
denser tanks is drained into this collection tank. This tank is placed in commu- 
nication with the supply pipe of the pump either alone or simultaneously wdth 
th(' main-siqiply tank, as desired; so that the conti'iits of the collection tank 
are passed through the apparatus in the same way as the original supply of crude 
oil. 
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In operation, it is said that the inner surface of the heatinj^ coil soon 
becomes covered with an enamel or very smooth coating of magnetic 
iron oxide; and on account of Ihe smoothness of this coating, it is be- 
lieved to conti’ibute to the value of the process in increasing the velocity 
of the vapors and by not affording any point where a deposit of carbon 
may be made. When the process is properly carri(‘d out, it is asserted 
that there is practically no formation of permanent gas and no deposit 
of free carbon, and as the condensable vapors liquefy in the cond(‘ns- 
ing tanks, the last of which has a vent to permit the escape of the 



air initially contained, the pn^ssure in tlu^ condensing tanks decreases 
from tank to tank until it is about the same as that of the suii’ounding 
atmosphere. 

In one phase of his proc(‘ss,‘ ( ir(‘(*nstr(‘(*t r(‘-runs the cracked pi oduct 
two or even several timers at a “ cherry red '' tem[)eratur(‘, in order lo 
produce as large a proportion as possibles of olefins. Steam is also 
used in this case, the steam being derived from a quantity of water 
about equal in volume to the volume of wat(‘r us(‘d. Urud(‘. oil is statc'd 
to be the material used. The olefins obtained are alleged to be oxidizcnl 
to manufacture alcohols. 

The proces.s consists in forcing tfie crude oil to and througli an atomizer on, 
the inlet side of a coil of pipe of uniform diameter kept at a cherry red tempera- 
ture, the oil being thoroughly mixed at th(‘ atomizer with steam under a (a>nsider- 
able pressure, about one hundred pounds per square inch, Th(‘ quantity of steam 
is that of a column of water equal to or greater than the volume of the oil. In 

' U. S. Patent 1,110,925, Sept. 15, 1914. 
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order to increase the i)ro(Iuc1ion of olefins, the product resulting from the treat- 
ment just described is itself submitted to the same treatment; that is,* the con- 
densate resulting from the passing of the crude oil through a long hot coil under the 
conditions above stated, is again pjisseil through such a coil under the same conditions. 

The mixture of jiarallins and olefins is then treated with a sufficient quantity 
of sulphuric acid for the stated purpose of converting the olefins into the corre- 
sponding suliihonic compounds. Water is then added to convert thes(‘ compounds, 
it is alli'gcd, into the corn^sponding alcohols. In the meanwhile, the paraffins 
remain unchanged. For some purposes, it may bo unnecessary to separate the 
paratlins from the alcohols. Usually, however, it will be desirable to separate the 
paraffins, and Ikmicc, Onnaistrei't subjects the mixture to fractional distillation. 
Distillation is claimed to be especially available for this separation on account of 
the fact that, whereas olefins and paraffins of substantially the same specific gravity 
distill at nearly the same temperatures, there is a wide difference in the distilla- 
tion points of paraffins and the corresponding olefins on the one side compared 
with the alcohols deiived therefrom. Thus, observes Greenstreet, the olefin (^»lli6 
distills at a temperature of one hundred and twenty-three degrees centigrade, while 
the ^orresponding alcohol CsHisO distills at a temperature of from one hundred 
and eighty to one hundred and ninety degrees centigrade. 

Ill nnothor pluise of tli(‘ proca'.ss, onliiuuy kerosene is run through 
at a rafiid rate so as to eonvc'rt it into an oil that does not li^ave a n'sidue 
on evaporat ion,* without producing any mat (‘rial amount of naphtha. 
The lay-out of the apparatus is shown in Fig. 148. A is a (aiil of pipe 
ill a furnace, heated witli find oil. St(‘ani prc'ssure is maintainc'd on 
the k('ros(‘ne stock lank. The oil and st(‘am mix in an inj(‘ctor and 
then pass rapidly through the coil. This is in the form of a helix, as 
shown. Th(‘ t(‘mperalurc of the coil is maintained b(‘tw(‘(‘n 850° and 
1150° F. (451° 021° (\). Under these (amditions th(‘ following data are 
given, showing th(‘ (h'sirahle steam and oil pr(‘ssures and the alternative 
l(‘ngths and siz(^s of i)iiK‘ in the heating coil, corresponding. 


Tdhii' 4. Shoirutfi Rdation of Strata amt Oil Rrossnrrs to Diatavlvr, Lenf/th and Shape 
of llcoliuij Coif irlurc the Tcmpiratare is ahonl 1000° F. (rjliS"" C.). 


.U 

H. 


Size of Leugth 

ripe (Total) 

1" 50' 

G" 100' 


Di;»m. of Oil 

Helix Pressure 

15" .TWO lbs. 

18" 5(r-(»0lbs. 


Steam 
Pressure 
4r)-.50 lbs. 
100 lbs. 


The steam is claimc'd to be an essential factor in prev(‘nting cracking 
into naphtha. Under conditions as shown at A, Table 4, it is stated 
that the rate of flow of burning oil through the heating coil is 42 gallons 
dine barrel) every 6-9 minutes. The crud(‘ distillate is redistilled in the 
•nre still up to 480° F. (249° C.) and any irsidue is added to the kei*osene 
stock to be re-run. It is noted that starting witli a burning oil of 45° Be., 
the crude distillate should have a gravity of not over 46.5 

1 U. S. Patent 1,209,172, April 1, 1919. 

2 A furnace and special method for feeding it with powdered fuel is described 
in U. S. Patent 1,110,92(1, Sept. 15, 1914. 
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CRACKING IN THE PRESENCE OF HYDROGEN, HYDROCARBON 
AND OTHER GASES ‘ 

Attempts to Hydrogenate Unsaturated Naphtha and Higher Boil- 
ing Oils, as well as Solid Substances, Coal, Asphalt, etc. 

Since the day when Sabati(‘r attract(‘(l the attention of chemists 
to the powerful hydrogen-carrying properties of catalytic; nickel, tlicae 
have been numerous suggestions directed to the; hydrogenation of 
petroleum oils. Most of these have been offered without a full realiza- 
tion of the sensitiveness of catalytic nickel to various unfavorable con- 
ditions and particularly to the action of certain bodies which destroy 
catalytic activity. A con.siderable number of substances check catalysis 
of this kind, eithc'r wholly or in i)art. Arsenic, phosphorus and sul- 
phur com{)ounds often make I hear presence quickly evident. Such 
bodies, commonly termed catalyzer “poisons,’’ have an important 
bearing on the hydrogenation of petroleum oils in which, for example, 
sulphur is a usual constituent. 

Th(*re may be a future for the hydrogenation process in the treat- 
ment of crackcal ga.soline. In the refining of this product with sulphuric; 
acid and alkali there is a shrinkage which although small in amount 
per barrel of gasoline so refined, yet constitutc's a very substantial 
annual loss. In some inve.stigations carri(‘d out by one of thc^ authors 
a sample of cracked gasoline of a high degree of unsaturation, pos- 
sessing a bad odor and brown color, was t real cal with hydrogem in the 
presence of a nickel catalyzer and afforded a well-saturatcal water- 
white product of sw(‘et odor and stable for an indefinite period. No 
gummy deposit formed even on k(‘(*ping for several years, while; the 
unhydrogenated sample deposited a heavy layer of gum on standing 
only a fortnight. 

The gases of a cracking plant contain large amounts of hydrogen 
and hence at a refinery cracking oil, the mat(‘rials arc available; for 
hydrogenation. 

There is, therefenc, a possibility that hydrogenation may some day 
find a place in the oil refinery. 

‘ Hydrogenation by mean.s of steam ha.s b(‘en repeatedly propf)Sed, ,See C'liap- 
ter XVI on proeesses imng steam See also Larnplough, p. 2G0; Ellis, p. 279; Wells, 
p. 283; Niekel as a catalyzer, p. 318; MKJarty, p. 419; LidofT, p. 422; Maeniehol, 
p. 424; Maxim, Standard Oil Co., p. 42.5; Day, p. 428; Danckwardt, p. 423 and 
Yunck, p. 470. 
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J. Winkler^ leporls nop:ativo rosiilts in attomptiiig to liv<li’Of];eiiate 
California oil distillates. Passing the vapors mixed with hydrogen 
through hot tubes containing catalytic metals was attended with diffi- 
'culti(‘S, including the tendency of the oils to polymerize rapidly. This 
difficulty was obviated by slow distillation, with excess of hydrogen. 
The mixed vai)ors resulting from this distillation were passed through 
a coiona but, it is said, [iractically no chemical change was manifesti'd 
aft(‘r this treatment. 

A similar method was pursued, using the Birkeland-Eyde arc in- 
stead of a corona. In this case tlu' oils appean'd to be d(‘(;omposed 
into non-(;ondensable gases and a cloud of finely divided carbon. Di- 
gc'sting with steam and aluminum dust under pressure is stated not to 
lie successful, also attempts to hydrogenate with reduced nickel. It 
is suggest(‘d that hydrog(mation could be accomplished catalytically 
if the sulphur compounds (anild b(i suitably destroyed or thea'r poison- 
ing (‘fleet on catalyzers overcome. 

Planes Limited and W. P. Thompson ^ distill pcdroleum oils under 
pressure while agitating the liquid in the still with finely divid(‘d nickel. 
Hydiogen is simultam'ously supplied und(‘r pn^ssure, wliich, in the 
pr('S(Mice of th(‘ nickel, is said to combine with the unsat uratc'd hydro- 
(‘arbons produced by the h('at tn^atmemt.*'^ 

In Fig. 141) .1 is a high cracking still filled to the top of th(* direct fire-heated 
j)ortion with petrol(Miin, the lower j)art B Ix'ing made conical or t-apenng down to a 
pipe C. I) is a fire-grate, and E the chimn<‘y, F is the exit tube from the still, 
having a valve P. d’his valve P is weighted to the reijuired pressure reijiiired for 
th(' best [iroduction of the particular hydrocarbon it is desired b) produce. K is 
th(' ])iirifier. The shi‘lv(*s are chargial with asliestos (’oated with finely divided 
mcki'l Q is a two-way valve for temporarily jiassing the vajiors at once to the 
condenser when starting J is tln^ (*\it for hot water from the condenser, and / 
tlie ('ntran<e for cold water. H is the (‘xit for the condensed products. L is a 
s(‘parator in which the condensed liipiid and the g:is('s are finally se])arated. Ihe 
gasc’s (‘scape by the jiipe N, and are injected into the fire, or if still very rich in 
hydrogen are pump(‘d back by the jnpe C into th(‘ still. 41 is the exit for the 
gasoline. R is a sliot flask device for admitting the catalyst. S are accumulators 
or source's of hydrogen, or purified y ater-gas under pressure, T is an accumulator or 
other source of petroleum under [iressure. P is a blow-off cock. IF, non-return stop 
valves, A", a st irrer driven by pulley Z, F, a finely perforated rose in the still. It will 
be notici'd that the still .1 is naked for a large portion of its height. 4 his is a 
form of cracking still of a kind de.signi'd to enabh' the heavit'r hydrocarbons to 
/condense and descend and allow' only the lighter on(‘s to finally i^ass aw’ay. 
Through flask device R, and the pipe C, (he nickel catalyst (obtained by reduc- 

’ J. Frank. Inst. lOU (17S), 97-09. 

2 Clu'rn. Abs. 1916, 273; U. S. Patent 1,160,670, Nov. 16, 1915; British Patent 
524.5, March 1, 1913; 21,273 (1913). 

3 See also .1. Ind. Eng. Chern. 1913, 774. 
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tion of niokcl oxide), is passed inix('d with [)etroIeinn into the still, and from time 
to time the amount of oil in the still is kept up by fresh admission of petroleum 
through the pii 3 e C, from the accumulator T. Through the pipe C also, hydrogen 
or water-gas is continuously passed from the accumulator aS’. 

The petroleum is first purified from asphalt, sulphur, and other substances 
deleterious to the catalyst, which may be present before the material is introduced 
into the still. The hydrogen is also either pure hydrogen, or it has only such 
impurities as will not “ poison the catalyst. For instance, in place of hydrogen, 
purified water-gas may be used, but care must be taken that the water-gas is 

purified especially from tar and 

^ ; sulphur, and that it consists 

I hydrogen, 

carbonic oxide and nitrogen. 

2 The still is filled and kept 

i i J filled up to the height of the 

^ ^ ~ heating chamber, with petrole- 

^ j f — 'F ^ umcariymg2percent,of fr(‘shly 

^ ^ made nickel catalyst, the hy- 

^ ^ drogen is admitted m a con- 

F ^ ) stant current, and the agitator 

J 1:': I put in motion. The pressure 

nearly atmo.s])heric 

^ ^ until the air is e.xpelled through 

^ Tl a cock IF at the top. The 

closed and valve 

i=r^ [ 1 J ^ is weighted to th(‘ usual 

^ y------ ' cracking pressure, say 100 lbs. 

^ to the .s(iuareinch. O'lu' higher 

temperature up to 800° (k 
) j v) ' f (572° F ) and the higher the 

^ pressuH' up to that which the 
^ ^ ^ still will safely bear, and also 

Fig. 149. — Apparatus for hydrogenating |)etrol(*um the higlu'rtlie index {n) of the 
oils proposed by W. P. Thompson. carbon, the more rapid and 

complete is said to be the hy- 
drogenation. Valve Q is turned to send the distillate through the purifier which 
must be kept from the air, owing to the nickel being pyrophoric, and when gasolm® 
begins to come over, purified water-gas (being much cheaper than hydrogen) can take 
the place of the latter. Saturated and unsaturated lighter hydrocarbons form and 
rise and they and the remaining petroleum are hupjx)sed to become more or less 
saturated with the hydrogen in pre.sence of the catalyst. 14ie heavier distilled vapors 
striking the cold upper portion of the still fall back to the lower part, while the 
lighter ones pass over to the condenser with the gases and are condimsed, their 
place being taken in the still by additional petroleum. The petroleum during crack- 
ing is largely decomposed, and “is in a sort of nascent state,” and therefore is as- 
serted to be peculiarly .sensitive to the action of the hydrogen, in the presence of the 
nickel. The unsaturated hydrocarbons formed while the lighter on(‘s are cracked 
suppijscdly take up hydrogen, the pre.ssure and vigorous agitation largely heljiing the 
action. In an ordinary cracking still where steam is used instead of hydrogen, the 


petroleum remaining in the still rapidly becomes heavier as lighter hydrocarbons 
are distilled off. In this case, however, the hydrogen is constantly combining with 
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the unsaturatcd hydrocarbons in presence of the catalyst and thus the remaining 
charge is (daiiiK'd to bo kept up nearly to saturation point, to be agaiti cracked. 
After a time the petroleum gets too heavy to eiusily make gasoline. It is now run 
out from the still. The catalyst is separated by filtration and wiushing with a light 
diydrocarbon, and piis.sed back into the still for further use. Eventually, how- 
ever, the nickel begins to work very sluggishly. In such cai^e, instead of being 
brought back into the still, it is washed with benzol as clear as possible from heavy 
hydrocarbons, calcined into oxide, or converted into nitrate or formate. It is 
then reduci'd by heating it in the presence of hydrogen to about 320° to 350° C. 
(00S° ()G2° F.) for half an hour or more. The original catalyst is formed by re- 
ducing nitrate, acetate, or formate of nickel. It has been suggested to put for- 
mate of nickel direct into the still, and then precipitate it as an extremely fine 
powder in the mixed charge by means of heat.^ 

The Badische Anilin und Soda Fabrik ^ improves the quality of 
mineral oils by treatment in tlu^ litpiid condition with hydrogen, at not 
above 200'’ ( -. (392° F.) imcha- pn'ssure, and in tlu' pri'sence of a catalyst, 
such as ni(dvel, iron, cobalt, or copfier, or mixtures of these. 

L. Vignon ^ notes tlu^ formation of methane from wat('r and carbon 
monoxide, by ctitalysis. 

When carbon nionoxidt^ and water vapor are heated together to 
tempi‘ratures ranging from 500° to 1200° ( h (932°-2192° F.) with various 
catalysts -iron, nickel, copper, silica, alumina, magnesia — there is 
always th(‘ formation of nudhane; sometimes in consid(‘rabl(‘ quantity. 
In some eases tliiae is an intermediate formation of carbides, which 
H'aet with the sb'ain; in others, hydrogen is ]nx)duc(Ml, which in the 
pr(‘sence of the catalyst reduces the carbon monoxide. 

The Badische Anilin and Soda Fabrik ^ manufacturers hydrocarbons, 
and oxyg(‘n derivatives of hydrocarbons hy passing carbon monoxide 
and hydrogen, in the' proportions of at least f of a volume of the former 
to 1 volume of th(^ latter, over a heated catalyst under a high pressure 
((‘xceeding 5 atmospheres). The preparation of hydrocarbons boiling 
from 20° to 250° C. (68°-4S2° F.), of oh'hns, paraffins, and benzene 
hydrocarbons, of alcohols, k(‘tones (e.g., acetone), aldehydes (including 
acetaldehyde) and acids (e.g., acetic acid) is described. 

N. Falk-Hultgren and E. H. Vidstrand ^ make a combustible 
Ikpiid, similar to benzene, by heating a mixture of carbon monoxide 
or carbon dioxide and hydrogen to at least 2000° C. (3032° F.). In 
the reaction are formed, besides water, hydrocarbons, which condense 

/ 1 Sec also W. P. Thompson, U. S. Patent 1,100,070, Nov. 10, 1915. 

2 J. S. C. I. 1915, 540; French Patent 472,770, May 28, 1914; Int. Conv. 
Sept. 1, 1913. 

3 J. S C. I. 1913, 817 and 742; Comptes rend. 1913, 157, 131-134. 

4 Chem. Abs. 1915, 25HS; British Patent 20,188, vSept. 10, 1914. 

5 Chem. Abs. 1915, 2152 and 148; Danish Patent 18,827, July 11, 1913. 
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upon cooling to what is stated to be a readily volatile “ bcnzene- 
lik(i " liquid. 

F. Sommer ^ states that aliphatic saturated hydrocarbons are 
obtained by subjecting polyinethylenes or mixtures containing th(‘in, 
such as petroleum fractions and residues, to cracking and then 
converting tla^ products into saturated hydrocarbons by leduetion. 
The use of hydrogen and a catalyst, such as nickel, is mentioned as 
a suitable method of reduction. The low boiling point hydrocarbons 
obtained are reputed to be suitable for lighting and motor purposes. 



Fig. 150. — Method for subjecting oil vapor to tlie adion of 
hydrogen, according to Jirown. 


M. A. H. de Dampierre ^ decomiioses heavy oils such as crude 
petroleum, burning oil, naphtha and p(‘troleum residues, into gasoline 
and other volatile oils by distilling in a still into which hydrogen is 
injected into the oil, and then passing the n'Sulting mixture of oil 
vapor and hydrogen over nickel platc'S, IIk* oj)erati()n being effect ('d 
under a pressure, e.g., 5-10 atmosph(‘r('s. ']1ie pioducts an' h'd to a 
condense'!’. The nickel plates consist of pe'iforated disks lu'ld in position 
in a vertical pipe by a central rod. The' vertical pipe is also lined 
with nickel. A cooling system surrouneling this pipe insure's the' return 
of heavy oils to the still. 

E. Brown ^ vaporizes oil in a current eif hydrogen and passes the mix- 
ture through a column containing transverse, ciicular pe'rforateel plate s. 

* Chem. Abs. 1915, 860; Britisti Piitent 19,772, Sopt. 1, 1913. 

2 C’hem. Abs. 1918, 222; Britfsh Patent 109,796, Aug. 15, 1917; French 
Patent 478,831, Feb. 22, 1915. 

» U. S. Patent 1,225,569, May 8, 1917. 
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The :ipi)anitiis used includes the still a (Fij?. 150). A pipe b extends into the 
still and ends near llie bottom for the introduction of a current of hydrogen. 
The vapor produced in the still escapes mixed with hydrogen at the top through 
a vertical conduit c m which are mounted nickel plates by means of a central 
rod 6-2 'rhe plates (rlose entirely the conduit c, but they are jirovided with a great 
miml)(‘r of small hol<‘s allowing the vapor to pass. The vapor is thus obliged to 
come into direct contact with the surface of nickel and thus the catalytic action 
of the nickel is utilized. The wall of the conduit c is also int(‘rnally covered with 
a layer of nickel, 'riie upper end of the conduit c is connected through a pipe 
d to a conden.ser. At the lower part of the condemser, a cock c allows the volatile 
oil coin liaised to flow into a tank /, from the top of which the hydrogen which has 
been ii.sial for the tnait inent escaipes through a pipe/* and is collected for use again. 
A water-cooling devices (j is mounted around the conduit c in ord(‘r to maintain the 
ti'inperatiire sulhciimtly low for insuring the total condiaisation of the vapors of 
heavy oil; conscMpiently the heavy oil returns into the still a. 

F. Bergius and J. Billwiller hav(^ found that at high toinpcraturos 
and pn'ssiiros, hydi’ogi'n caus(‘S a profound changi' in tlu' properties of 
coal and iiitumiMis, oil residu(‘S, heavy mineral oils and also carbonized 
substanci's in giuu'ral. Coal, for example, in finely divided form is 
almost wholly converted into li(tuid products with only a small residue 
of the original suhstanci's. It is slati'd ’ that th(' coal is subjected to 
a hydrogim pressuri' of more than 10 atmosph('r(‘S, and a tcanperature 
betwei'ii 300° and 500° C. (572° t)32° F.). Hydrocarbons an' formed 
by clu'mical ix'action betwei'ii (he hydrogen and the carbon compounds 
of the coal, which products are (‘it her liiiuid at ordinaiy tc'inpc'ratun^ 
or hav(' a low melting jioint. Only a vc'ry small ])ortion of tlu' earbon 
IS vohitilized in tlu' form of nu'thane at the wm’king temfierature which 
is bc'low the coal distillation t(‘mp(Tature iirojicr so that practically no 
coal distillation jiroducts are fornu'd. Notwithstanding this, the 
amount of liipiid pi’oducts formed is many times gn'ater than that 
obtained bv th(' usual coal distillation and reaclu'S nearly 100 per cent 
of the carbonaci'ous sulistaiice of the coal, wlu'n'as the licpiid products 
(J* usual coal distillation genc'rally do not ex(*('('d about 3 per cent. 
Tlu' nitrogc'ii contained in the coal is transfornu'd during the hydro- 
gc'iiation proci'ss into ammonia and ammonium compounds and can 
b(‘ (’(‘Covered in this form almost quantitativ(‘ly. 

Some of the organic compounds i)roduc(‘(l by the hydrogenation 
I)roc('ss contain oxygen and are of tlu* phenolic type. The chief part 
is K'coxu'ivd as hvdi’ocarbons of differ(*nt boiling points, similar to 

/ 

* J. S. (t I. 1915, 862; 1916, 167,732; Rriti.sh Piitonts 18,232 (1914); 5021, 
IVIarch 31, 1915; 4571, Feb. 21 (1911); U. S. Pat(*nt 1,251,951, Jan. 1, 1918; 
Swiss Patent 70,903, Nov. 16, 1915. See also Swiss Patent 71,808, Feb. 16, 1916, 
and Rergius, (Jerman Patent 290,563, Nov. 30, 1913; also Bergius, French Patent 
470,551, April 6, 1914. 
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petroleum distillates. The iinliquefied residue is a dark colored sub- 
stance containing- llie ash of the original charge and a small proportion 
of carbonaceous material. The period of reaction can be shortened 
and the output increased if a hydrocarbon capabk' of dissolving or 
diluting the resulting products, for example a heavy commercial gi-ade 
of benzol, is added to tlu^ dry material to be treated. 



Fig. 151, — Mothoii for hydrogonating coal at high i)ressurt‘S, 
according to Bcrgius and Billuillcr. 


The process is stated to be applicable not only to natural coal and 
other products of natural carbonization of wood and other vegedabh' 
material, but also to wood, peat and other vegidable material and to 
the products of coal distillation such as tar and pitch. 

An apparatus is used which allows the treatment of eoid und('r high pressure 
at an elevated temperature with hulrogen or hydrogen-containing gases or hy- 
drogen-generating substances, that is to say, substances which arc' capable of lib- 
erating hydrogen under the operating conditions, like the liydrogen compound 
calcium hydride. In Fig. 1.51 A is a reaction vessel built to withstand high jires- 
sures, B is a charging orifice. U is a vessel surrounding the reaction vessel and^ 
filled with molten metal, the melting point of which is below the reijuired reaction 
temperature. D is a furnace for heating the metal-bath vessel. E is a high pres- 
sure hydrogen container communicating with the interior of the reaction vessel 
by a conduit, F is an exit pipe leading to a coil which opens into a vessel G. 
// is a circulating pipe with a pump K. F is a cooler. 
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The opcTation is as follows: ^ 

The ehai^^iiiK orifice of the reaction vess(‘l is opened and the material 
to b(' treated jdaeed in it. This material consists (ather of powdered 
(oal, or of a suspcaision of coal in a diluent for the products of reaction. 
Aft('r filling the chajge into the reaction vess(d the oi'itice is closed pres- 
sure-tight. Hydrogen from receptacl(‘ E is introdiKaal into the nv 
action vessel and the prc'ssure brought to tlu^ d(‘sired degree. TIk' 
furnace D is started and the metal bath C brought to the working 
t(‘mp(‘rature. The pump K is put in operation so that hydrogcai is 
circuhi((Ml through the reaction vess(‘l and the material in it. Th(' cir- 
culation of th(‘ hydrogen caus('s a stirring of th(‘ mateiial under treat- 
m(ait. Under the effect of heat and ])ressure hydrocaiTons arc formed 
by reaction between the coal and hydrogen, and poi'tions of these hydro- 
carbons are carri('d with the circulating stream through the coil P and 
an' condensed. The condensed material accumulates within the 
vess('l G. The uncondensed gas consisting nearly entii'cly of liydrogen 
is iH'turiu'd by llu' pump K to the reaction V('ss(‘l. The consumed h>'- 
drog('n is |•(‘plac(‘d l)y new gas taken froiu the i*ec('ptacle E. Ammonia 
foi-nu'd by redaction between nitrogenous Ixxlies and hydrogen may be 
retained within the receptacle G by an absorbent. 


Examples 

1. Four hunflrod kilograms powdc'red coal arc filli'd iido a jUTssiirc v(\sscl of 
about 400 liters capacily, which is connected to a tank in ^^lueh liydrogi'ii is held 
under 200 atmosiduTi's fU’cssuro. After 15 hours the connection with the hydro- 
gen tank is (uriK'd off and the vessel is emptied About 10 to 1.4 kg. of hvdro- 
g('n have been then consumed, according to the (pialitv of coal used. From the 
contents of the vessc'l more than half of the coal can b<‘ s(>parated from the solid 
residue as liipiid. 4’h(‘ remaining part of liquid jiroduets in the .solid residue can 
be gaineil b\ extraction. 

2. One hundred and fifty kilograms powdered coal are placed with an equal 
qiTantity of heavy Ixaizol in a pn’.s.sure ve.ssel of about 4{K) liters ca])acity and 
this is coiuK'cted to a hydrogen tank. For the purpose of better mixing, the ve.ssel 
is cither rotated, or the contents stirred and heated to 4(X)° G. (7.42'T. ). .Vfter 
12 hours the vess(4 is opc'ned and the liipiid ])rodue('d is sejiarated from the solid 
ri'sidiie. Only 1.4 jier cent of tlie weight of coal ('m])lo\ed is then left. The re- 
maining So per cent, is dissolved in the benzol. The consumption of hydrogen is 
about .4 kg. 

• :k b4)ur hundred kilograms powdered coal are tilled into a jiressure resisting 
^'es.sel of about 400 liters capacity anrl this is connected to a tank in which hy- 
drogen is held under 200 atmospheres pressure and heated to about 400“ C. 
(7.52° F.). After two hours the operation is interrupted and the material removed 
from th(' vessel. It contains only a small (piantity of iKpiid substance, which is 
sejiarated from the solid material. The solid material is extracted with an organic 
solvent such as benzene, 
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He?,vy unsaturatcd oils, by troatmont with hydrogen at high pres- 
sure and comparatively high temperatures * apparently become satu- 
rated, and at the same time a breaking down of the higher molecular 
weight bodies into those of l()W(‘r complexity takes place. The process 
is an autoclave one and r(‘(iuir(\s a range of hydrogen pressures from 
20 to 100 atmosplKTes and temperatm-es between 200° and 500° Cl 
(392-932° F.) 

Day ^ describes a method of “saturating’’ an unsaturated crude 
petroleum or an unsat urat(‘d cra(‘ked distillate with hydi’ogc'u. This is 
said to be accomplislu'd by first saturating a catalyzer (platiiuim or })al- 
ladiuin) with hydrogcai (ora hydrogen containing gas, such as ethylene) 
and then bringing the petrohnim into contact with the catalytic sub- 
stance in a s[)ecial tn^ating (“hamber under high pressure. The plalinuni 
or palladium becomes heat(‘d during its treatment with hy{lrog('n or 
ethylene and this heat aids th(‘ subst'qmmt hydn^gemation or satura- 
tion of the petroh'um oil. 

D:iy .stat(\s that ho treats the oils with iiydrogon gas or hvilrocarbon gas or 
vapor, suoh as ethylene and its honiologia s, or gasohne vapors undi'r conditions, 
sucli that the disagn'eable odor is ('ntir(‘l\ or m a gn'at part removed and the l)urn- 
ing qualities of the oil in lamps is greatly impro\ed, To elTeet this result, the oil, 
such as a distillate produced iiy high h(‘at and the cracking opi'ration or crude oil, 
is brought, together with hy<lrogen or an absorbable h\ drocarlion gas or vapor, 
into the presence of a porous absorjitiv'c substance, such as palladium lilack or plati- 
num sponge, porous zinc dust, fuller’s earth, and otlu'r (‘la\s. iiv this means IIm' 
desired purification and deodorization is said to lx* effected, jirobablv by the di- 
rect addition to or combination of hydrogim or of hydrocarbon gas or vapor with 
the oil, wholly or sufficii'ntly in part ri'placing the lacking hulrogen and convert- 
ing the oil into a mixture of the marsh gas sm'ies of h\ droearbons. 

The vessels are made of cast bra.ss, tmiK'd, 'I'lie ml nsmvaar or tank .t. 
Fig. 152 may be of any desired capacitv and is provaled with an oil mkd pijie a, 
having a valve rF, and with an outlet-pi|)e n", having a valvi' and c()nn('cfing 
with the treating or hydrogenating chambm* li d'his chamber is made strong and 
built to withstand a high internal pressun' and is providial at oik' side or end wdh 
a filling opening /, into which is fitted a screw [)lug h. 'fo another side or end is 
applied a gas cock h\ having a senwv thnanled end for attaching a gas or vapor 
supply pipe. Another short pipe connection h" is provideil for attaching a pres- 
sure gage, and this jhjie has a latiTal cock //" for connecting an air-pump or I'x- 
haiist device. In the bottom of chamber li is a discharge-} iqie c, having a valve 
c' and connecting with the oil receiving tank I) d'o the bottom of 1) is secured a 
discharge pipe d, having a valve c. The porous substance is saturated with hy- 

1 Bergius, J. S. I. 1915, 107; 1910, 52S; J. Ind. Fng. (’hem 1915, 1009, 
(’hem. Abs. 1910, 29S4, 192.S; British Patent 4574, F('b 21, 1911; French Patent 
470,551, Ajiril 0, 1914 (Int. (Vaiv. May 5, 1915); (lerman Patimt 290,505, Xov. 
30, 1915; Swi.ss Patent 71, SOS, Feb 10, 1910; Austrian Patent 71,20S, June 20, 
1910. 

2 U. S. Patent S20,0S9, July 17, 1900. 
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drogon or h^lit hydrocjirbon va}3or or hydrocarbon jj:a» under ])re.ssure, and the oil 
to 1)(' purified and deodorized introduced under similar pressure into the s^ime fiiusk 
or tank containing the porous substance. The improvement in the quality and 
odor of the oil is said to be (luiokly perceptible. The valve a"' being closed and 
valv(‘ d' open, the desired quantity of distillate oil to be deodorized and purified 
IS suptilied to tank A and then valve a' is closed. The screw plug b is removed 
and the desired (juantity of catalytic substance*, jiref- 
erably palladium black or platinum sponge, is intro- 
diKH'd through opening / into chamber B, the (piantity 
being ajifiroximately in proportion to the quantity of oil 
to be jHirified. Idie porous substance is jdaced on a 
win' cloth scn'cn or on layers of textile fabric, 'fhe* 
palladium black or platinum s])onge is us<‘d in the 
jiioportion of one-half ounce for each gallon of oil to 
be tn'aled. The chamber B having been charged with 
porous material, the screw plug b is screwed into opening 
tightly closing it,. The air in chamlx*!' B is now e\- 
haiistc'd through cock I/" or it may be replaced by 
carbon dioxide or other noncombustible gas admitted 
through cock b' or b'". Hydrogen gas or ethylene is 
MOW introduced under pressure through cock 6' until the 
jioroiis mali'i'ial is saturatcnl, as shown by cessati<»n of 
lu'at of absorption or by tlu* gn'atly increased pri'ssure 
indicati’d by a gage. IMie pressure of hydrogen may 
vary Iroin normal to one hundred and fifty poumls per 
sipiare ineh or more. A practical pressure is fifty poumls 
lo the square inch. 

ddie porous substance having b('en saturated with 
ludrogen, tlu* valve o'" is partly opened (valve a' being 
clos('d), pi'rmitting hydrog(*u to pass up into tank A till 
an eiiuilibrium is established and th(*n pcTimtting oil to 
flow slowly from tank A into chamber B in contact \\ith 

till' hydrogen-saturated iiorous material. Valve c/ is 

1 I i /-ix xi I n I'lK- b'>- — Device for 

now o|,onc<l, ponn.ttinK tl.o oil (,o (ilKw throngl, tlio 

porous substance, thereby becoming ludrogenated and hydrogen in the 

dcodorizi'd The purified oil is collected in tank D and pj.^. ‘of catalyzers, 
'may be drawn olT as desired by op(*ning valva* c. proposed by D. f. l^ay. 
Saliiration or impregnation of the palladium black or 

jilat inum s])ong(^ with hydrogen is maintained by pumping m hydrogen-carrying gas 
or va[)or through cock 1/ into chamber B. The gas mav also be siqiplied under 
the pri'ssure of generation or by pressure produced m any desired manner. The 
lialladium black or platinum sponge is not consumed, and its use and action are 
continuous. 

In case the porous absor])tlve substance becomes clogged with gummy or 
other residual matter this may be ri'moved from the tre:iting chamber or vessel 
f^nd then subjeeted to a sufficient heat with excess of air to burn out the gum. 
When fuller’s earth is used, it should be in much larger proportions than palladium 
black or jilatinum sponge, for example ten times the quantity of either of them. 
High pressure, and the temporary elevation of temperature due to pressure and 
rapid absoryition of hydrogen (eithi'r alone or with absorbabU* hydrocarbons) 
facilitates th(' saturation. 
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The proross is modified by placing the porous absorptive substanc(‘ in a still 
and a ciudc oil or a distillate supplied to the still and subjected to distillation. 
During the distilling operation hydrogen gas or hydrocarbon va])ors are jiassed 
through the body of oil and porous substance. An ordinary cylindrical still 77, 
Fig. 153, is provided with a lid g, covering a hand-hole opening and tlic usual 
dome g' . At or near the bottom of the still is arranged a sujiply pipe h, having a 
perforated portion h' for introducing small streams of hydrogen carrying gas or 
vapor. Above this perforated jiipe is supported a wire cloth or perforated plate 
partition k, upon which is placial a layer of porous absorptive material m. 'blie 
porous material ui having been placed upon the partition hydrogen carrying gas 
or vapor is admitted through the perforated pipe h' till the fioroiis material taki's 
up one thousand volumes or more of the gas or vapor, "^rhe charge of oil is now 



placed in the still and subjected to distillation, while at the same time stri'ams of 
hydrogen-carrying gas or vapor are ))a.s.s('d from tin* pipi' h' through I hi' bodx of 
oil and the porous ab.sorptivi* material 'hhe hydrogen carrvmg gas used may be 
a mixture of hydrogen and carbonic oxide The Ix'st {iroceduri' is to let the pal- 
ladium black take up the hydrogen (one thousand volumes or more at ordinary 
pres.sure and much more under gri'ati'r pri'.ssures) and then tilti'r the oil through 
the palladium black thus charged with hvdrogen and subseiiuently pump in hy- 
drogen to keep up the charge in the black. 

An apparatus, said to r('pres(*nt an iniprovoinont over his eaiilor 
method, for attacking; the probhun of the ‘‘ saturation ” of unsaturated 
petroleum distillates is proposed by Day ’ and shown in Fig. 154. 

An oil still A is set in a furnace and its opposite ends are provided with man- 
holes and covers a, a' to give access for cleaning and repairing JNear the op[)osite 
ends of the still are secured transverse partition plates 77, /7', forming vapor spaces 
b and b', and a space between them for the oil to be distilled. ^I’he plate 77 do^s 
not extend to the top of the still. It is provided with a top opening c for the [las- 
sage of oil vapor and hydrogen into the vapor space h; it is also provided near the 
bottom with a manhole and cover b". The jilates B, B' may be termed tube 
sheets and are connected by tubes dd for containing the porous catalytic material c. 

nj. S. Patent 1,004,632, Oct. 3, 1911. 
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Tlioso (ubr.s roiinrctins with tlio plates B, W constitute' the “ hyelrogenj^tor ’’ D, 
the lubes bein^ iniiiK'rsed in the body of oil which usually rises to the level in- 
dicated by dotted lines x. A perforated pipe F, having a valve f, extends longi- 
tudinally iK'ar the bottom of the still for admitting oil and hydrogen or either one 
alone', as re'eiuireel With the outer enel of pipe F connects an oil supply pi])C F\ 
having a valve /'; nlso a hydrejgen supply fiipe G having a valve g. A hydroge'n 
ge'iierateir il is constriicteel near the still, so as to supply hot hyelrogen through 
pijies C ariel F. This generateir may consist of retorts in whie-h oil is deceimpeised 
feir liberating hydrogen, d'he goeise neck or vapeir escape pipe /, having a con- 
trolling valve' j, ceinnee-ts with the' vapeir e'hambe'r />' anel with a condenser K. A 
jire'ssure gage )n is e^einnected with chamber />' as a guiele for properly adjusting 



the valve.; Th<‘ ceudacl malenal, m the natuie' eif a peireius absorptive substance 
c, siie-h as a liiK'ly elivieleel metal eir tme'ly elivieleel clay, is placed in the tubes e/ tei 
nearly fill the' same 

The' eiperatioii is ceuielucleel as folle)Ws: — Oil is siipphe'el to the' still, filling it 
to the deitteel line x and when lu'ateel fen* the purpeise' eT distillation, hyelrogen or 
a hyelroge'ii carrying gas is feerce'd in (hre)ugh the jierforateel jiipe F anel jiassed up 
threjugh the beiely eif oil. The hyelroge'n anel eiil vapors, rising intei the vapor 
space' at the top of the still, pass thre^ugh o])e'ning c inte) the ehamber b anel then 
threiugh tube's d in contact with the porous absorptive material c, w'here the. 
catalytie* ae-tion take's plae*e'. 'Phe “hydrejgenating ” tube's be'ing immerse'd in the 
body e)f e)il w'hie'.h is being elistilled are heateel by the oil to a te'inperature as high 
as the' ehstillatiem te'mjierature eif the' eiil, anel for practie'.al purposes they will bo 
lu'ateel to a higlu'r ele'gre'c than the vapor, inasmuch as liepiiel from which eiils are 
being elistilled is always hotte'r than the elistillate vapors passeel off from it. By 
this means the hyelrogen and oil Vapejr are superheateel. The proelucts now pass 
e)lf into the outlet chamber h' through the goose neck J tei the conelenser K. 

* In eirele'r to regulate the tem])erature and maintain it at that degree most 
suitable to the cemtact preicess inveilve'el, the valve j is aeljusted and set so as to 
increase the pre'ssure, and, conse'epK'ntly, the temperature' of the bod.y of oil in 
the still. The temperatiin' of distillation can thus b(' controlled. If the tem- 
])eratur(' of the body of oil is raised the hydrogi'ii and oil vapors wall be more 
highly superheated during passage through the tubes d. This is quite important 
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in order Jo control the operation of combining; hydrogen with oil vapor. An at- 
tendant, by observing the pressure indicated iii the gag(‘ tn will understand how to 
adjust the valve j for producing the desired pressure and temperature in tlie still 
Hot hydrogen is piussed from the generator H directly through the perforated pipe' 

thereby aiding the heating of the oil. A stream of oil and heated hydrogen 
may be admitted simultaneously through pipes F' and G into pipe F and dis- 
charged into the still. If it is desired to increase the pressure and temperature of 
the hydrogen and oil vapor in contact with the process material e in the tubes <l 
for increasing the “ hydrogenating ” operation, the valve j may be partially 
closed and adjusted so as to secure the desired elTect. 

Iron by hydrogen, zinc dust, reduced nickel or cobalt, dry porous clavs, 
spongy platinum, or palladium, coating clays, or quartz, in fact any agent capable 
of bringing hydrogen into intimate contact with the petroleum comiioiinds are 
mentioned as catalyzers. Whether the contact agi'iit in .some cases, as palladium, 
first forms a compound or nlloy with the hydrogen, is immaterial to the final 
effect, which is that of yielding oil of better quality as tlie result of the contact 
action. 

As an illustration of the practical operation of this iirocess the tubes d of a still 
of 1(K) barrels capacity are first charged with brieiiets of cojiper or iron oxidi' 
mixed with metallic dust, the choice of the contact agent d('])('nding upon th(' 
market price of an available .supply, 'fhe still is chargi'd with Mexican crude oil 
of 10° Be. gravity; the still is then heated until the first condimsed vapor from tlu' 
small amount of gasoline present in the crude oil, aiipears from the condenser, 
at the ordinary pre.ssure of the atmosphere, 'fhen hydrogen, as hot as possible, 
from the generator is pa.ssed in through pipe F at a rate that is aver.aged at O 
cubic feet per second. Inasmuch lus this hydrogiai is little ])urer than jiroducer- 
g;us and not of much value an exce.ss is provided The exc(\ss issuing with the 
vapors which at once begin to apjiear from the condensiT, is usually fed to the 
fire under the still. In the ca.se of oils of as high boiling points as that of l(i° Be 
gravity no extra pressure is used, unless the u.se of exce.ssive hvdrogiai is iindi'- 
sirable. In that cause the hvdrogen will yield lighter products if the extra jin'sssure 
goes to oO pounds per square inch. In the (;ase of lightiu’ oils from ('aliforma, 
Texas or other localiti(\s, extra pressure is employed to retard boiling of the oil 
until a suitable cracking tmnperature is reached, say 200° to 3o0° C (4S2°-(i()2° F.) 
With the [irogress of the distillation cnide oil is introduced in the manner d(‘- 
scribed in order to maintain the level of the oil as nearly as may bi‘ until impurities 
collect and reipiiri' interruption of the process for cleaning out the still. 

W. Higgins and C. H. Preston ^ boat shale oil, crude naphtha, 
paraffin, or coal tar oil, or a mixture of two or more of thesi', in a con- 
verter under pressure, to such a temperatun' that the least volatile 
constituent is vaporized. The vapor is paSvSed alone or together with 
hydrogen through a catalytic mass, such as a mixtun^ of nickel oxide 
and pumice stone, and condensed in contact with the catalyst. 

It is possible that heavy unsaturatiHl oils nonvolatile at 
200° (h (302-392° F.) and free from catalyzer poisons may be tieated 
with hydrogen in the presence of catalytic nick(‘l to (hect the saturation 

1 J. B. C. I. 1915, 1004; BritLsh Patent 23,870, Doc. 10, 1914. 
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of the oil. An apparatus suitable for the purpose has been devised by 
Ellis.' See Fig. 155. 

Oil IS afhiiittod to the tank A by i)ii)C a to fill it one-half to two-thirds full, 
lor exainiile to th(' clotted line. Catalyzer is introduced, e jj; , by pipe a and hy- 
drof^en is ('iitered by the pi])e which is shown provided wuth the valve B to fill 
one of the f^as holders (e ji;., the holder C)- Ilydrogen is forced from the 
omoter 0 into the gasometer D, by the wav of the tank J, so that the f^as bubble's 
through the oil. This operation is continued until all, or any desired proportion 
of the hydrogen has beem ])assed through the oil. When the oil has been treated 
to th(‘ dc'sired ('xtent, it is drawn off by valve B and the oil and catalyzc'r separated. 



E. Jolicard ^ obtains licjuid aromatic* bydrocaidons from coal by 
trc'ating the* latter in a furnace which is not c'xt(‘rnally heatc'd, with 
nascent hydrogen produced by introducing ti mixture of superheated 
steam and air at 5()(F C. (932° F.). CaiFon monoxide (in the form of 
water gas or j)roducer gas) at 600° C. (1112° F.) may l)e listed in place 
of all or a part of the air. 

J. Holcgreber mixes the vap/ors of pcdrolcuim ca* its distillates wuth 
hydrogen and passes the mixture through metal tubes containing 
metallic^ catalysts. The' tubes are heated to a. tc'inperatun* of 180°- 
300° (\ (356° 572° F.). Pc'nzen^' is said to be c'xtracted from the 
rc'sulting vapors either by physical means or l)y combining it with alumi- 
nium chloride'. 

1 IT. S. Patent 1,217,09.5, Nov. 20, 1917. 

2 tVcmch Patent 47.5, ITl, Vvh. 17, 1914; J S C. T. 1910, .*^0. 

^ .1. S. C. 1. 1914, 17; Frencli Patc'iit 400,S27, .July 28, 1913. 
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Pir^ani (P. M. Justice) ^ luixes shale or coal in the form of coarse 
powder with a finely ground material, siuJi as limestone, which under 
the action of heat will give otT carbon dioxide, and with small iron 
scrap, and the mixture is slowly heated in a vertical retort to temper- 
atures ranging from 175° to 800° (/. (347° to 1472° F.) according to the 
oils reejuired. The carbon dioxide given off dining the distillation 
acts as a carrier for the hydrocarbon vapors evolved from the shale or 
coal, and is claimed to prevent them from becoming permanently 
fixed gas('s, while the action of the iron scrap increases the volume of 
hydrocarbon vajiors given off in th(‘ reffort. TIk^ pro[iortions of the 
ingredients vary according to the amount of oxygen contained in the 
coal or shale. With an oxygen content of 6 to 13 per cent a suitable 
amount of limestone is 3 to 8 per cent and of iron scrap H to 4 per 
cent. When no more vapors are (wolved the tempc'rature is raised 
beyond 800° (1472° F.) and water in the foi'in of a fine mist or jet 

is injected into the lower part of the retort. The vapors formed in the 
two operations are passed through a cond(‘ns('i’, and any uncondens('d 
vapors passed through an absorbing tow('r (containing coke which has 
been saturated with a nonvolatile oil. The condens(‘d oils are s('pa- 
rated by fractional distillation. The residual oils fiom the vaiious 
distillations may be mixe^d with fresh quantiti('s of linu'stone and iron 
scrap and subjected again to distillation. The vapors formed in this 
operation are passed through a second retort ('xactly like the first, and 
at the same temperature, but charged to about half its cajiacily with 
mangani'sc dioxide and iron scrap, in the propoition of 1 part of the 
former to 2 parts of th(‘ latter. The effev-t of these last-nuMitioned 
materials is to enhance the production of condensable vapors. 

F. S. Low sprays heavy residua charactei’ized as fu(‘l oil against 
a plate heated to a cracking temperature. This plate (Fig. 156) is luvitcnl 
independently (jf the other parts of the chamber which, as a whol(‘, is 
kept b('low a cracking temperature by means of cooling coils. Fuel 
oil is charged into the lower part of the retort and is injected or forced 
through the nozzle A (Fig. 156). Steam or gas is us('d for this inj(x;ting 
process to start the ap})aratus working. Cracking takes plac(c very 
quickly on the contact of the oil with the heated surface; B, and since 
the rest of the apparatus is comparatively cool, vapors arc removed 
from the heat zone before any secondary decomposition sets in. Un- 
vaporized oil drops to the lower part of the retort and is again sucked 
up by the injecting nozzle and din'ctcnl against the hot plate. A 

' J. S. C. I. 1918, .808A; BritLsh Patent 11.5,573, Sept. 19, 1917. Appl. No, 
13,485 (1917). 

2 J. S. C. I. 1910, 819; IJ. S. Patent 1,192,0.53, .July 25, 1910. 
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suffici(‘nt pn'ssure is built up in the apparatus and maintained in order 
to retard the formation of gnH and unsaturated hydrocarbons* C is 
the relief valve for this purpose. Gondensatcj collects in D and the gas 
formed is n'circulated by a 
pump. It is said that the 
plate B is sonu'limt's made of 
a catalytic metal, for ex- 
ampl(^, niclu'l and in this case 
the apparatus is filled with 
hydrogen or blau ’’ gas for 
hydrogenating ])iupos('s. 

Roush surfacos prolong 
p(‘rioil of luiuid conlact soiiu'what. 

Whore a oatalylio (‘ffi'ot is dosirod, 
the hoatod tiody is rough or poious 
to incroaso tlu' surface. 'EuTa 
cotta, jiuiuicc stone, iron, stei'l, 
nickc'l, coppc'r, et(* , may all lie 
used and each ('\ercis('s a sjM'cific 
clTectu Iron and stiM'l surfai-es 
usually exercise a comjiaratively 
simple breaking down effect upon 
the oil molecules. Nickel, espe- 
cially if freshly reduced, e\('rcis(’s 
for most ])ur|)Oses too much of a, 
similar ('ff(‘ct. ( 'op[)er (roatial 

with fine copper freshly reduced from tla; o\id(‘ is a catalyst iiitcTinediate betw^een 
nickel and iron. 



l-’ig 15<) --Device* for sulijecting oils to the 
action of heated nu'lals, and oflu'r bodies jiro- 
pos(‘d by P, S. Jjow 


The Hydrogenation of Hydrocarbon Gases 

C. Sprent ’ (h'seribes the })roduction of ethyhme from alcohol and 
th(' hydrogc'iiation of the ethyhme to produce' ethane for refrigerating 
purposes, and points out the difliculties arising from the presence of 
contact poisons where hydroge'iiation with re'dueed nickel is involved. 
To make ethane Sabatier ^ liasse'd a mixture of 2 volumes of ethylene 
and one volume of hydrogen through a tub(* oik' meter in length, con- 
taining freshly reduced and finely divided niekc'l; the gas on leaving the 
tube was passed through fuming sulphuric acid in order to absorb the 
excess ethylene. The result in'g gas was then found to be pure ethane. 

By means of the theorem of Nernst applii'd to the equilibrium, 
C/2H4 -f llo = CbHe, it may be shoAvn that one volume of hydrogen 
can be added to an ('qual volume of ('thylenc' in such a way as to leave 
practically no remainder of either of the gases of the left side of the 

' J. S. C. 1. 1913, 171. 2 (jhem. Zeit. 1907, 1096. 
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e(iuMtion. It is inoroly necessary to find the right catalyst and con- 
ditions"' for 1h(‘ desired result. Simple though this n'action appears, 
the production of ethaiu* in (piantity was found to be a difficult matter, 
requiring for its compl(‘tion as a rational {irocess a thoi-ough investi- 
gation and the application of very different methods than would have 
been supt)os(Ml n ('c:\ssary. 

Tho chiof difficulties encountered can be j)laced under two heads, first the 
production of pure ethylene, and secondly the quantitative saturation of one vol- 
ume of ethylene by one volume of hydrogen. 

iVs reganls the former of these, the nudhod used was fundamentally that of 
Maihle (passing the vapor of alcohol over aluminium oxide according to the re- 
action C 2 lff,.OU - C 2 H 4 + II 2 O). Maihle ' showed that the catalytic action of the 
aluminium oxide was not only dependent on tlie temjieratiire but also on the physi- 
cal structure of the catalyst, an amorphous oxide giving a gi'od yield of etliyhaie, 
and the crystalline oxide a poorer one. In these experinamts the same phenonu'na 
were very often observed; many samples of alumina gave' no ethylene whatever, 
but converted the alcohol into an oily substance. The catalytic value of any 
sample of alumina can bo tested to some extent by shaking the o\id(‘ with dis- 
tilled water, 'fho active samples treated thus are converted ])artially into a 
colloid, the particles of which move towards the catlu ch' when subjected to an 
electric current. The particle.s of inactive samples immediati'ly fall to the bottom 
of the vess('l. 

(Ireat care must be taken to keep the reaction at th(‘ temperature at vhich 
the yield of ethylene is at a maximum, namely, 8f()^ C. (f.S0° F.). Jf the tem- 
perature be raised tlu^ ethykmc commences to d('comf)os(‘, forming h\drog(‘n, 
methane and carbon, and, moreover, tin? \iel(.l of gas decn'ases, on account of the 
amorphous oxide being slowly con\erted into the ciwslallim' state. The high 
temperature also affects the cataKst in such a way as to alter the nature of it.s« 
reaction with the alcohol. Thus, aldehyd(‘ and hydrogen can bo evolved by the 
decomposition of the alcohol. 

On the other hand, the temperature sliould not be allowed to fall below 3t)()^ (k 
(68(F F.); because not only does the amount of ethylene then decrease, but a con- 
siderable amount of ether may in this way pas.s into the ethylene. The ether is 
formed by a primary decomposition of the alcohol, which takes jilace at a tem- 
perature of about 230*^ (k (116° F ) The ether itself, however, is also decomposed, 
forming ethylene and water at a temperature of .300° Ck (r)72° F.). Fnl(\ss the 
temperature of the whole apparatus where the gas is generated is kept at 360° C!. 
(6S0° F.), a portion of ether may pass through with the ethykaie without forming 
ethylene. The reaction takes place, it is said, in two jihases, 

2r2Ti,()n = (roll,)/) + ii/) 

(r>H, )20 = 2(kdl4 I- 11/). 

It w'as found especially in an apparatus on a large scale that tla* ethylene always 
contained some ether, sometimes as much as 10 per c(‘nt 3'his fact is lost sight 
of in the laboratory if the gas is collected over water, or the usual .'-■olutions used 
for the determinations of the ga.ses by absorption. The formation of the ether can 
be reduced to a small percentage, if the oven in which the reaction takes place be 

1 Chem. Zeit. 1909, pp. 18, 29, 242, 2rj3. 
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placc'd in a lead bath and the alcohol vapor heated to a teinperatnrc of 360° C. 
(GS0°I'.) bt'fore bein^ passed through. 

For the i)rodiiction of ethylene in (piantity, iron tubes 3 melies in diameter 
and ni(‘ters in length wvro- employed; the.se were fitted inside with suitable 
contrivances to hold the catalyst. The tulles were connected with the vessel in 
which lh(‘ m'thylated spirit w'as evajiorated. 

bhbylenc produced in Ibis way is not, how(‘V(‘r, .suitable for the syn- 
thesis with hydrogiai to form (dhane, as it contains impurities which on 
coming in contact with the finely divided nickel bring about a decrea.se 
of th(‘ catalytic activity of the nickel, and if th(^ process is continued, 
eventually cause" it to Ix'come entirely inactive. The elimination of 
the.s(' disturbing impuriti(\s formed the" chief difficulty in file be'ginning 
of th(' exfierinunits described. First it was found nece.s.sary to eliminate 
the etlu'r and ti‘ac(‘s of other inifiurities such as aldehyde, isoprene, 
etc., by comfiressing the" (dhylene up to about 50 atmo.splu'res. In this 
way tlu" impuriti(\s were" e’emde'u.se'el anel e*e>uld be" remove'el by a suitable 
arrange'uient of the" ajijxiratus. If the"se" impuritie"s were" allowe'el to pass 
intei the" nicke‘1 eive'ii not emly was the" catalytic aedion impaire'el, but the 
gas was maele" imimre by the proelucts of decemipositiem of tlu'se sub- 
stane‘(‘s. The" e"thyle‘ne thus tre"ate*el was al.se) feiunel te) e*ontain trace"s 
of sulphurete"el hydi’eigen, arising freim the pre"se'nce of sulphate's in the 
alumina. This impurity was re'inoveel by passing the gas through a 
se)lutie)n eif le'ael ace'tate. A further washing eif the" gas with cone*e'n- 
trated sulphuric aciel was femnel e.sse'iitial; (Artain impurities, the 
nature e)f which was neit dedermine"d, anel which act eel as peiisons to the 
contact substance", were eliminateel by this treatment. 

The ethyleau" jmrifieel in this way was entirely free freim any impurity 
having a weakening effect on the catalyst. The* hydreigen use'd was 
a preieluct e>f the alkali works of (frie"she‘im-Ele'ktron ’’ in Bitterfeld 
, anel was sei pure^ as to require no further tre'atment. The two gases, 
ethylene and hyelroge'n, were mixed in expial volume^s, the adjustme'iit 
being maele with the aiel of the gas-mixing anel m("asuring apparatus 
kne)wn as the Rotamesser/^ and then alle)we"el to pass inte) the tube 
cejiitaining finely elivieled and freshly reduce^el nickel. This tube was 
constructed similarly to the one" useel feir ethylene", only here the tubes 
we're^ e)nly one meter in length anel four in number. The first two were 
eiouple'd parallel with one another, the gas leaving each of these com- 
•bining and passing into two or more similar tubes coupled one behind 
the other. The diniensieins e)f the tube's were de'tcrmined by experi- 
nu'ut, so that with the gas-ve"locity u.seel (2 cu. m. per hour), the temixu’- 
ature arising from the formation of the ethane" (the reaction is exother- 
mic), was unable to reach the point at which ethane decomposes, on 
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account of the radiation of the heat. Working with the same gas 
velocity and a greater diameter of the tube, it was necessary to cool 
the interior by means of water pipes. 

The necessary temperature of 200° C. (392° F.) can be kojH up with very little 
external heating. The difficulty, however, was that under no conditions of tem- 
perature, or by means of any arrangement of the contact substance in the oven, 
could the rea(;ting gases be made to unite quantitatively, the best result obtained 
being a percentage of 10 per cent ethane in the g;is fornnal. d'his became a very 
acute difficulty, as chemical methods of removing the hydrogen and ethylene 
proved impracticable. 

The next step was to employ an air-condensing apparatus (Linde’s system), 
used for the production of oxygen, and attempt to separate the ethylene and hy- 
drogen from the ethane by means of rectification. This jiroved only a jiartial 
success, iLS only hvdrogen could be eliminated, the ('thylene remaining with the 
ethane, d’he rectifying column of the machine worked under ])re.ssiire from 3-5 
atmospheres, and it would have been po.ssible, it is said, to get a better result had 
there been another column where the liipiid ga.ses had been under a jiressure of 
only a little more than that of the atmo.sjihere In fact it was shown that the 
liquid gas mixture, after standing some time in a J)(u\ar flask, contained only one 
per cent of ethylene. 

ddie solution of the problem wjvs only arrived at when it was decided to effect 
the combination of the two gases under pre.s.sure. According to the law of Le 
(ffiatelier, it was clear that pressure must have a beneficial effi'ct, l)Ut in considera- 
tion of the sudden rise of temperature occasioned by tlu* combination of so much 
gas in the small oven, it .seemed unavoidable that the teiujX'rature should rise 
above the temperature of decomposition of ethane. Moreover, a polymerization 
of the ethylene seemed po.ssible. 

Experimonts showed that the combination of equal volumes of 
ethylene and hydrogen under pressure in this way was imj)r<‘icticabl(^, 
owing to the sudden rise of tempcTature, nuiking a proper control of the 
apparatus uncertain and precarious. However, by passing the gas 
mixture containing 80 i)er cent ethane, 10 per cent cthyhme and 10 per 
cent hydrogen at a pressure from 30 40 atmosphen's through an iron 
autoclave filled with nick(4 pumice stone, a comiilete succt'ss was tit- 
tained, the resulting gas being pure ethane. 

The 80 per cent ethane gas mixture, piodiiced in the way men- 
tioned above, was colh'cted in a gasometia-, and needed only to be 
drawn off by means of a gas compressor, that forced the gas through 
a second tube which, as already stated, was held under a pressure of 
from 30 to 40 atm. From there the gas passed through the condenser 
into the steel cylinder, where the ethane was liquefied and weighed off. 

A careful adju-stment of the '' Rotame.s.ser ” measuring the volume of the two 
gases at the comm(*ncement of the process is nece.ssary as an excess of onc' or the 
other of these gases naturally detracts from the puritv of the ethane. The error 
in this case must be corrected by an adilition of the reiiuired amount of onc of the 
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gases to the gasometer containing the ethane gjis mixture. It is advisable to work 
with a slight excess of hydrogen in order to avoid disturbances of this kiiyi, as the 
hydrogen can always be “ blown off ” by opening the valve of the cylinder con- 
taining the liquid (‘tham*. Jn the ease of ethylene this is not possible. The proce^ss 
here described runs continuously, and with the trial plant set up in Bitterfeld, 
25 kilos of liquid ('thane were made daily. 

Eldred and Mersereau ^ control the catalytic reduction of acetylene 
to ethyk'iie by the use of an inert diluent gas, particularly carbon 
dioxide. Nickel and palladium on pidroleuin coke is given as one of 
the catalysts used.^ 

The reaction between carbon monoxide and steam to produce 
hydrogen is said to be facilitated by the use of lime.-'* Water gas or 
other gas ricli in carbon monoxide is mixed with steam and the mixture 
is passed over lumps of calcium oxide, arranged in siiperpos(xl layers 
in a vertical tower and maintained at a temperature of 400° 750° C. 
(752° -13(S2° F.) by heat initially supplied by the gas and by the heat of 
the reaction. This would have a bearing on those cracking methods 
when'in carbon monoxide is produced in the presence of steam and 
lime. 

(.)il gas is manufactured hy the Hollandsche Residugas Maats- 
chappij by cracking licpiid hydrocarbons in generators and treating 
the residual hydroctirbons directly without previous heating, with 
hydrogen or gasi's containing hydrogi'ii to form new paraffins. 

R. C. Downing and E. F. Pohlman ^ have studied cracking of gas 
oils in various atmospheres. The atmosplua’C's used were nitrogen, 
carbon dioxide, carbon monoxide, hydrogen, methane, blue gas, and a 
mixture of blu(' gas with 10 and 20 per cent of steam respectively. 
The ('ffect of each diluent on candle-power of the gas, candles fier gallon, 
JkT.U. p('r gallon, and thi* production of gas, tar, and carbon was 
studied. With nitrogc'ii the (‘alorific power of the gas ]:)er gjdlon of oil 
was 97,000 B.T.U. at 1350° F. (about 730° C.). This is slightly better 
than is obtained in atmosplu'ies of caiTon monoxide, carbon dioxide, 
and methane, and lower than in hydrogen or blue gas. The amount 
of tar and carbon produced was considerable, as is more usually the 
case in inert atmospheres. The yield of oil gas by weight was rather 
low. In an atmosplu're of carbon dioxide the volume of the gas made 

^ U. S. Piifpiit l,m,777, Julv'S, 1919. 

• S(^(^ also (Miom. Ahs. 1919, 2218. 

' 3 Siedler and K. Henke, Chom. Ahs. 1910, 1708; U. 8. Patent 1,181,204, 

May 2, 1916. 

^ Cdirni Ahs. 1917, 2729; Norwegian Vi\\cnt 27,930, May 21, 1917. 

5 J. S. C. I. 1917, 125; 1910, 917; Anier. Gag Institute, Gas J. 1917 (137), 
24-26. 
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was over 60 cubic feet per gallon of oil, and it (contained much hydrogen 
and ml'thane. The production of carbon was much increased. The 
reaction 2C()2 + = 4('0 + 2 H 2 probably occurs, it is said, to a 

slight extent. With liydrogen, gas of high calorific pow(‘r tends to be 
pi-oduced, owing to the production of saturated compounds. There is 
a decrease in the formation of tar and carbon. Th(' j^roduction of 
illuminants is low; apparently some of the unsalurated compounds 
aJ'(‘ hydrogenated. IVIethane acts very much like an inert atmosphen'; 
much less methane is actually produced from the oil, but the production 
of hydrogen is larger, due probably to the decomposition of the nudhane. 
The effect of Idiie gas was studied in some detail. TIk' conclusion is 
reached that no advantage is to be gained over blue gas by the use ol 
any of the above-mentioned atmospheres alone. J^lue gas gives much 
bett(‘r candle-power results than (dther hydrogen oi- caiLon monoxid(‘. 
Tar formation is lowered and the deposition of carbon is alxait th(‘ 
average. Steam lowers the candle-power and candles pc'r gallon, but 
rais('s the B.T.U. per gallon of oil, possibly due to foiination of hydrogen 
by partial decomposition of th(‘ st(‘am. With carbon monoxide^ gn'at 
loss of candle-power was noticed, due to the larg(‘ proportion of caibon 
monoxide in the finished gas. TIk' B.T.U. n'sults were the lowest, 
obtained with any atmosphere except from oil us('d alone with a much 
longer time of contact. Afore tar was produced with carbon monoxide' 
than in any other atmosphere, (\-irbon monoxide moreove'r see'ins to 
prevent the decomposition of the illuminants.” 

Whitaker and Leslie ^ have studied the decomposition of a vaporized 
paraffin hydrocarbon oil f.^pe'cific gravity 0.8, boiling point lotf 2()n°(\ 
(302°- 500° F.) at atmospheric pivssure and at tempe'rature's of 621°, 
725°, and 825° C. (1150°, 1337°, and 1517° F.) respectively, using the 
electrically-heated furnace d(‘scrib(‘d by Whitaker and Alexander,- 
and the effect of varying the oil feed and of adding hydrogc'ii at diff^'rent, 
concentrations (approximately IHo :2 oil gas and 2110 ; 1 oil gas n'spi'c- 
tively) was inv(‘stigated. When oil is cracked in an atmospln're of 
hydrogen, the absorption of hydrogen is greater the higher the concc'ii- 
tration of the latter, the higher the temperature and the lowc'r the rate 
of oil feed. There is no marked difference in the amount of tar fornu'd 
in the presence or in ab.sence of added hydrog('n below 723° U. 
(1333° F.). At 825° (k (1517° F.) less tar is formed when hydrogen 
is added. The proportion of tar increase's with decrease of temperature 
and with increasing rate of oil feed, particularly at the lower tem]ier- 
atures. Bc'low 723° Ck (1333° F.) the tar formed consists largely of 

1 J. S. C. I. 1916, 9.55; J. Ind. Eng. Chem. 1916 (8), 593-601, 684-695. 

2 J. S. C. I. 1915, 70.5. 
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unchanged or partially (^hanged oil. The proportion of the carbon of the 
oil which api)ear.s as hydrocarbons in the gas is largely increased by 
addition of hydrogen. The volume of illuminants produced per unit 
volume of oil increases, in gcaieral, it is said, with the temperature. 
About one-third by volume of the illuminants in the gas is stated to 
consist of propyhaie and higher olefins. The formation of ethane is 
not large at any tcanpiaature, but the formation of methane is greater 
the higher the temperature. A decompe^sition temperature of about 
825° (A (1517° E.) appe^ars most desirable provided too great op[)or- 
tunity for extcaisive secondary and tertiary changes is not given. 

Rather and Reid ^ have hydrogenated ethylene and observed the 
rat(‘ of the reaction. The mixture of the volatile substance (vapor or 
gas) and hydrog(‘n is passed through a nonvolatile, inert liquid con- 
taining the catalyst. The rate of hydrogenation of ethylene at 180° (\ 
(35()° E.), using a nickel catalyst in melted paraffin medium, was found 
to be r('gular for a gas mixture containing 10 per C(‘nt ethylene, but 
irr(‘gular for riclu'r mixtures; the determining factor is considered to 
be the solubility of the ethylene and hydrogem in th(' paraffin. 

Lane, Ryberg and Eanberg ^ note that the addition of hydrogen 
to ac(‘tyl(m(' and ethylene through the catalytic action of nickel, copper, 
etc., is best carried out by adding hydrogen gradually to th(^ imsat li- 
ra! c'd hydrocarl.)on in oi’der to pnwent so great a rise in temperature as 
to bring about, injurious sid(' reactions. 

C. Paal and A. Schwarz ^ have found that ethykmc whim mixed with 
an e(|ual volume of hydrogen is slowly reduced quantitatively to ethane 
at tlu‘ ordinary temperature on the addition of a solution of colloidal 
j)latinum. The v(‘locity of the reaction within certain limits is only 
slightly dei^KMident on the concmitration and amount of colloidal plati- 
num present. A colloidal solution of platinum requires about twice 
as long to biing about complete hydrogenation as a colloidal solu- 
tion of palladium of equal strength, while, with colloidal solutions 
containing atomic proportions of palladium and platinum, the former 
is slightly more active. 

Paal and Hohenegger ^ have made numerous experiments on the 
reduction of acidylene by hydrogen in presence of colloidal palladium, 
partly in a gas burette, partly in a vessel which could be shaken, and 
partly in an apparatus in which the gases could be circulated. The 

’ J S. E I. 1915, 1072; J. Am. ('horn. Soc. 1915 (37), 2115-2118. 

^ ScifcTi. Ztg 1913, 1035; (Icrman Patent 2()2,5tl, 1910. 

* J. S. I. 1915, S51; Her. 1915, 48, 991-1001. 

< J. 8. C. T. 1915, 574; 1913, 18G; Per. 1915, 48, 275-287; J. Chem. Soc. 
1915, 108, i, 113-114. 
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chief result was the demonstration of th(‘ infiuonce of the adsorption 
of acetylene by palladium on the course of (he reaction. Starting with 
equal volumes of acetylene and hydrogen, and with a fresh palladium 
solution, so much of the former gas was adsorbed by the colloid and 
chemically changed, in all probability polymerized,^ that the hydrogen 
was really present in excess, with the result that varying volume's of 
ethane were formed and some acetylene remained unchanged. This 
is probably the reason why in previous investigations on the catalytic 
reduction of acetylene the chief product was always ethane, even 
when insufficient hydrogen to complete tlu'. first stage reduction to 
ethylene was employed. When the colloid has been in contact with 
acetylene, it loses the power of adsorbing the gas and th(' yield of 
ethylene increases. Indeed, with a slight exec'ss of ac('tyleno, all the 
hydrogen may be used in the formation of ethyh'ne. 

The mixtures of g:ises were analyzed as follows: 

The two unsaturated hvdrocarbons were absorbed by l)r()mine water and the 
acetylene estimated separately by an approximate method - in which an ammonia- 
cal silver solution was used as the absorbent. Hydrogen was estimated in the 
residue by absorjition with palladium hydrosol and sodium pntrate ^ and the 
ethane (and impurities) measured by difference.^ 


Thermolyzation and Distillation of Oils and Gases in the 
Presence of Natural Gas, Hydrogen, Ethylene, etc. 

Kidd ^ found that in attempting to make illuminating gas from 
tarry materials, e.g,, coal tar, by passing through heated retorts, that a 
great deal of carbon was produced. To decrease the carbon d(‘i)osit, 
and increase the yi(‘ld of gas he carried out the process in the presence 
of petroleum naphtha vapor, and sup(‘rheat('d steam. 

E. W. Tait « mixes kerosi'iie or higher p.etrohaim fraction with natural 
gas, thermolyzes the re.sulting mixture, and cools th(‘ products. Ther- 
molyzation and condensation take place und(‘r pressure.^ 

Naphtha, kerosene, or other of the higher paraffins, is mixed with 
natural gjis. The natural gas may be introduced into a tank, still, 
worm, or coil of pipe, either at the natural rock pressure from the well, 
or it may be forced into the reaction vessel by means of a pump or 

1 J. S. C. I. 1913, ISO. 

2 Hohonegger, Dks, Erlangen, 1912. 

» J. S. C. I. 1910, 230. 

* See also Karo, Gor. Pat. 2.’)3,100; J. S. C. I. 1913, 109. 

6 U. S. Patent 124,441, March 12, 1S72. 

fl U. S. Patent 1,069,90S, Aug. 12, 1013. 

^ This process suggests partial similarity in some respects with Hall’s com- 
pression method. 
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compressor. Tlie heat applied varies from about 200° E. , upward, 
depending on the (luality of tlu' natural gas used, the specific gravity 
of the higher paraffin us('d, and on the (hvsired specific gravity of the 
product. The relative amount of the higlier paraffins to the volume 
of natural gas used d('i)ends on the (h'sired specific gravity of the prod- 
uct (for instance, if the quantity of the ruiphtha kerosene, or other 
higher paraffins in proportion to the quantity of the natural gas used 
is diminished, th(' product becomes of lower spt'cific gravity). The 
mixed vapoi‘i/>(Hl hydrocarbons are then condensed. 

In lip;. 1.^/, A n'prcsc'nis tlio p;a.s inlot from t ho well, and if tho natural pros- 
sui'(‘ IS not suftioi(‘nt to p;iv(‘ a lro(' (anailalion throup;h Iho systorn, a ooniprossor 
li oporat('d by an onpjine C is usod, whioh also aotuatos a pump I) in oonnootion 



with an oil tank E. Tho p;iis flows or is for<;od throup;h a pipo E, and in its jias- 
saf^o IS suhjectod to tho hoat of a burner (i, and is mixed wuth oil passmf^ through 
tho i)ipo //. t'rom this jioint tho mixed hydrooarbons jiass through a jupo whioh 
is lu'atod by a sooond burnor /, and then through the oondonsor. Tho oondonsod 
hydiooarbon lupiid passes into tho roooiving tank. 

if thoro IS not suflioiont natural jUH'ssuro from tho gas well, compressor B 
should oompu'ss tho natural gas taken into tho systian to a provssuro of about 50 
pounds ])or square inch, .siithoiont to oau.so a fio(* circulation through the sys- 
tem. Tho natural gas travels through tho cod (/ at tho rate of otMK) cubic feet 
l)or hour. Idio cod or worm C is comjiosed of a pijie two inches in diameter and 
about 200 foot in length. In tho cod or worm C tho natural gas is heated to about 
500'’ F. (2()0”(\). Tho oil or higher paraffin is pumpial into tho natural gas at 
•tho rate of about 60 gallons per hour. The coil or worm / is composed of pipe 
• two inches in dianiotor and about 300 f(‘ot in length, ff’he temperature of tho 
material in the coil / is maintained bv motms of tho burner at about 300° F. 
(110° C.). The oooling system is composed of pijie tw’o inches in diameter and 
about 1000 foot in length, of which the* last tw'o hundred feet arc incased or 
jacketed. Tho pop valve on tho ri'coiving tank releases tho unconsumed gas 
when the pressure in the receiving tank reaches 50 pounds per square inch. 
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Leffer ^ uses an inert gas under pressure to carry the vapors from a 
still to the condenser, so as to prevent further decomposition of the 
light oils produced. The pressure of the inert gas also raises the boil- 
ing point of the oils in the still. 

The operation is effected under three combined conditions, viz., the accurate regula- 
tion of the pressure of the pressure medium, the constant circulation of the pressure 

medium and a working tem- 
perature not exceeding a maxi- 
mum of 410° r. (770° F.). 
When tli<‘ process is carried 
into effect under all these con- 
ditions, it is stated that the 
quantity of dislillale obtained 
will bo large. 'rh(‘ substance 
being distilled is subjecti'd to 
agitation either by means of 
stirring vanes or by blowing 
the pressure medium through 
the sul)stance (Si'i' Fig. 158.) 

a is the distilling vessel, h 
the vapor line, h th(‘ condenser, 
c the collecting vessid for the 
distillat(‘, a tub(‘ whicli is 
connected to a suction or force 
I)umj) <l from wliich it con- 
tinues to conduct tl)(' jiressun* 
Fig. 158. — Pressure still with means for circulating medium to the retort, .s“ the 
a permanent gas, [imposed by Leffer. stirring vanes rotati'd liy 

means of the pulley r for 
agitating the substance to be distilled, z is an inhd pqie provided with a cock for 
the pre.ssure medium. 

The distillation proceeds in the following manner: 

The hydrocarbon in the retort a is evaporatial and diTomposcfl by hi'at, 
condenses in b and is collected m c, while the pressure medium under the action 
of the pump d is again forced into the retort « from which it carri(‘s away the 
lighter products which are formed, flydrogiai, nitrogen, carbonic acid gas, meth- 
ane or gases obtained from the distillation it.self are us(‘d to create fire.ssun*. 
Suppose that the initial material is gas oil, a [letmleum distillate of specific 
gravity 0.871, and that from it is obtained the following results on fractionating: 
up to 205° C. 15 per cent, up to .3(X)° (' 14 per cent, and the remainder only 
after exceeding 300° (k 0(X)0 grams of initial material wi*r(5 treated and a jires- 
sure of between 11 and 12 atmos|)here.s d'*velo[)ed in the apfiaratiis by means of 
nitrogen; the temperature rose aft/'r the heating to about 408° (k and dro|)])ed 
slowly to 375° C. The di.stillab* amounted to 1007 grams or 07 per cent; the 
residue to 1380 grams or 23 [ler cent, and the gas about 10 per cent. The fraction- 
ating of this distillate yielded 14 jier cent [ULssing over between 40° and 00° (k, 
10.5 per cent up to 125° C., 12.5 per cent up to 150° (k and the remainder iqi to 

^ British Patent 2328, Jan. 20, 1012. Sec also French Patent 430,470 (1012); 
British Patent 4140 (1913); French Patent 454,580, Feb. 10 (1013) 
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•^50° 0. Gar(‘ should bo taken that the supply of the pressure medium is stopped 
as soon as tlu^ pressure of the giises developed within the apparatus reaches the 
Iie(M'ssary amount, the pressure being then cut olf and the gases generated caused 
to circulate by means of the pump. 

An indepiaidently heated cracking chamber ^ and reflux condenser, interposed 
between the still a and condenser/, is said to provide a more complete control of 
(he cracking conditions. 

Heinemann ^ rc'ports success in causing the union of acetylene with 
inethaiK', producing in tliis way good yields of propylene. He uses a 
catidyzi'r which is a (‘oinbination of a base iiK'tal (coppci, aluniiniuni, 
niagnesiuin) with a rare metal (platinum or palladium). 

ddie contact bodies may be prepared in the following manner: One of the 
common contact metals, for example copper, is deposited in a porous body, for 
(‘\mnple pumice stone, either elect roly tically or by the reduction of a copper salt, 
a'lu' pumice stone provided with a coating of coppcT or having its pores partly 
(ilh'd willi copiier is dipped in a solution of a salt of a rare contact metal, for in- 
stance chloiuk' of platinum, and is dried. The salt is then, if necessary, naluced. 
In this way there is obtained a contact body consisting of two metals which exert 
a mutual balancing etTect on one another, the more active property of a rare 
uK'tal bi'ing mitigated by the less active i)roperty of the common metal. The 
c'tmmon contact metals can also be ustal in a finely ilivided state or in strip form, 
for example cofiiier gauze, cojiper wool, aluminium turnings or magm'sinm strip, 
d'hese metals are tlum pre|)ared by dipping in a solution of a salt of a rare 
contact UK'tal, such for exainjile as a chloride of platinum or palladium. 1 he 
ran' contact metal is thi'ii (U'posited by electrolysis ('an' must however lie taken 
to immediatelv wash and drv the eontaet bodii's .so jirepared in order to avoid 
destruction of th(' common metals. 

d’he process is caiTK'd out in the following manner, li^ijual quantities of 
ac('tvlen(' and methane are mixed together and pa.ssed through heated tubes or 
vo.ssels containing oni' of the abovi' described composite catalysts. The tempera- 
ture emploNi'd varies from lOtF 2()(F C. (‘212“-:i92" F ), ai'cording to the contact 
metals employed. Thv heating of the spaces in which the reaction takes place 
can either be elTecti'd bv the application of heal to the exteriors of the tubes or 
vessi'ls containing th(' contact bodu's or by passing a current of electricity thiough 
coils placi'd in the tubes or vessels d’he u.sc of inert gases, as carbonic acid gas 
or nitrogen, is lecoinmended, in order to remove th(‘ oxygen pn'.sent at the eom- 
iiK'nci'nu'nt of the process in the reaction tubes or vi'.ssels. The two gase.s unite 
to form propyk'm' with a yield said to be approximately 70 per cent. 

R. B. Day and D. T. Day l)i-ing hot nascs of coinbustion, praclioally 
froo from oxy}f('n, directly into contact with oil in a pressure chainhci 
lined with fin' brick. As shown in Fip;. 159, oil and water are sprayed 
Into tiu' cracking!; chamber A throuf?!) the nozzle H. Hen' they meet 

‘ I/'ITi'r, lirltisli Patent 10,0.51, Aur. 20, 1012; French Patent 439,4"f) (1912). 

2 P. S. Patent 1,131, 077, .April 0, 191.5. 

’ .1 S. I. 191S, 7()0A; Chem. Abs. 1918, 1347 and 2086; 1919, 185; IJ. S. 
Patent 1,280,179, (let. 1, 1918; British Patents 113,204, Nov. 16, 1917; Int. 
Conv. Feb. 2, 1017, and 119,441, Nov. 10, 1917. 
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hot combustion gases generated in the combustion chamber C. Both 
chambers A and C arc in direct communication and are built to with- 
stand a pressure of 600 pounds per scpiare inch. 

Tlie products of reaction expand through valve D and then bubble 
up through a mass of fresh oil in the still E. This not only scrubs the 
products from the cracking chamber but also (since the oil in E is the 
oil which is submitted to the cracking in the chamber A) preheats the 



Fig. 159. — Ap{><aratu.s for oraoking oil.s in tlio prcsorico of hot 
ooiiibustion gases, proposed by H U. and 1). 'W Day. 


charge. Distillation at the ordinary pnvssure takes place* in still E. 
The vapors produced by this distillation together with the* noncon- 
densable gases from the cracking and combustion operations pass up 
through a .scrubbing tower (r where they are waslu'd by a desce'nding 
spray of fresh oil, admitted through the pipe F (lug. 159). The tem- 
perature at the outlet end of the tower (7 is maintaiiK'd at 190° Ck 
(374° F.) so that materials cond(‘nsing at this point oi’ lower will be led 
back again to the oil still, and all vapors not cond(‘nsed at this temper- 
ature will be led to a second condenser and cond(‘nsed to obtain gaso- 
line. The pipe F is the point where fresh oil is suf)plied to the system. 
The distillation and cracking of crude oil is particularly mentioned 
but apparently the apparatus is applicable to a variety of petroleum 
products, since the reaction temperature is stated to be capable of a 
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variation of from 355° C. (071° F.) to 1650° C. (3002° F.) {^nd from 
atmos[)lioric i)re8surc up to a pi’essiir(^ of six himdrod pounds per square 
inch. 

The course taken by the oil in its passage tlirougli the apparatus is indicated in 
Fig. 159 by means of numbered arrows, starting at the fresh oil supply pipe F. 

J. R. Rose ^ mak(‘S fuel gas by passing superheated steam and a 
hydrocarbon oil tlirough a duct h(‘at('d to at least 2200° F. (1200° C.) 
to induc(^ dissociation. A luMitcMl mixtun^ of liquid hydrocarbon and 
superh(‘at('d or dric'd steam is tluai add(‘d, th(‘ final mixture passing 
through another duct also heated to at least 2200° F. (1200° (k). 
Carbon dioxide is then removed from the gaseous })roduct. 

Roso '^ injects a litpiid or gasinjus hydrocarbon into a geniTator by 
a stream of hydrogen iindi'r pn^ssunq a Ikpiid hydrocarbon of a different 
series is tilso introduci'd into the giana-ator, and the mixture of the 
three fluids is subj(‘cted in the generator to the aid ion of highly heated 
refractfirv material. The ri'sulting gaseous fuel is frei‘d from carbon, 
scriibbiMl, and tluai em-iclu'd by conducting it through liciuid hydro- 
carbon oils. 

Rostv^ also pr(‘par('s gas containing as high as 98 per cent hydrogen by 
passing natural gas or oil over I’efractory surfaces heated to 1650° C. 
(3000° F,). 

J. H. Yocum‘S obtains oil by th(‘ destructive distillation of wood 
in th(' presence of nascent hydrogen. 

Sabatier^ prepares water gas free from carbon dioxide and then passes the 
mixture in contact ^\ltll heated nickel, to produce methane. The removal of 
carbon dioxide prevamts carbonization of th(‘ nicki'I in the sulisianient catalytic 
leduction It is also imp irtant to u.se watcT gas of constant and suitable com- 
])osition (a sutficient amount of hydrogiai) for the same reason. 

F. F. Schauer ® uses a Lowe type water-gas machine and sulistitutes natural 
gas in it m place of steam. The elTect is the deposition of carbon from the meth- 
ane 111 the natural gas ami the liberation of hydrogiai. 

A. R. Frank ^ jiroduces hytlrogen by purifying natural gas and then heating it 
to I2()(F(k (219(FF.) or higher. 

W. O. Snelling,'^ heats carbon compounds in a closed chamber or tube w'ith 
walls more pernu'able by hydrogen than by oth(‘r substanc(‘s iirescnt, and the 
hydrogen formed is thus withdrawn during the, reaidion. 

1 J. S. C. I. 191S, 144A; -F. 8. Patent l,2.)2.03;h Jan. 1, 1018. 

2 J s, (v J, 1917 ^ S62; V. S. Patent 1,2:10,220, June 10, 1017. 

3 p. s. Patent 1,254,:100, Jan. 22, 1918. 

< Ghem. Abs. P.)1S, 028; (kinadian Patent 180,i:i0, Oct. 30, 1017. 

^ U. S. Patent 050,7:H, May 3, 1010. 

» Chem. .Vbs. 1012, 3511; Progressive Age, .30, 780-7. 

^ Ghem. vVbs. 1014, :3:350; V. S. Patent 1,107,020, Aug. 18, 1010. 

« J. 8. G. 1. 1015, 240; U. 8. Patent l,124,:347, Jan. 12, 1015. 
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F. C. Ruff ^ arranges equipment to preheat petroleum oil in a pipe 
coil in a preheating furnace to a temix^rature somewhat below the 
cracking temperature and the oil is then led into a cracking chamber 
previously heated to a higher temperature by an internal gas biinu'r. 
This cracking chamber is provided, on its interioi’, with ircjii catalytic 
members which may be in the form either of bafhc' plates or of bricks. 
Steam or a fixed gas such as hydrogen, methane or (‘thyh'iie is also in- 
troduced into the cracking chamber to maintain such an ecpiilibrium 
that formation of fixed gas from the oil itself is minimized. Tlu' steam 
or gas used for this purpose is preheated to about 0()t)° to 870° C\ and is 
injected into the cracking chamber at a point diiectly oj^posite to tlic 
I)oint of ingress of the petroleum. If steam is employed, the high tem- 
perature may effect dissociation of the steam and combination of its 
hydrogen with unsaturated hydrocarbons pr(\sent in the reaction zone. 
The gas supplied to the cracking chamber, howevei’, is piefeiably a 
mixture of gases such as is obtained by the cracking of the oil undc'rgoing 
treatment, as their use tends to minimize gasification of the oil itself. 
Such fixed gases may be re-used cyclicly in the process. In case the oil 
used is a fraction boiling up to 205° C\, th(‘ opeiation is carried on but 
once and the conversion is completed at atemp(‘ratuie of 600° to 870° ( 
but if crude oil, residuum, or other products of higher boiling i)oint aie 
to be dealt with, the light oils obtained in the fiist ticatnu'nt of these 
heavy oils should be subjected to a repetition of the ])rocess. In the 
first stage of this repeated operation the oil is thoroughly crackt'd and 
heavy asphaltic residuum is separated on the bottom of the cracking 
chamber. This residuum is suitable for the mamifactun' of (‘oke. 
The temperature in the preheating coil is maintained at a ))oint suf- 
ficiently low to prevent deposition of carbon in the coil. TIk' pro(‘(‘ss 
is reported capable of operation so as to obtain larg(‘ yields of aromatic 
hydrocarbons.^ 

1 Chem. Ahs. 1920, 404; U. S. Patent 1 ,;r2:),:)S2, Dee. 20, 1919. 

2 Apparatus is (ioscribed in U. 8. Patent 1,319,420, Oct. 21, 1919. 
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CHEMICAL METHODS OF CRACKING OILS 

Th(^ (Miiploymcnt of alumiiuim chloride, aluminum alloys and 
amalgams of aluminum has led to many theoretically and jn’actically 
important, syntheses in organic chemistry. It was, however, recog- 
nized at, an (‘arly date that the reaction is, even from a pratdical point 
of view, a nwtasibh^ on(‘. 

Considering the reaction, 

Penzene Ihaizyl chlorides Diphenylmethane 

+ ClCH-i <( ^ + [AICI3] = CH2 + HCl 

it api)ears, on tlnviixM ical grounds, by maintaining suitable concen- 
trations and other conditions, to be possible' to d(‘(*ompose diphenyl- 
methane, by th(‘ use of hydrochloric acid and aluminum (“hloride, into 
lu'iizeiu' and be'iizyl chloride. 

It, is also conc('ivabl(^ that, in the presence of a sufficiently strong 
n'ducing ag(‘nt, the benzyl chloride might b(‘ reuluced to toluene, and 
that fi'om diph(*nyl nu'thane tlu' ultimate products obtaiiH'd might be 
benzeiu' and toliK'iu'. An (‘ffe'ct of this nature may be the basis of 
those methods that iis(‘ metallic aluminum to d('compose heavy petro- 
l(‘imi oils into lighter ones in the pres(‘nc(‘ of hydrochloric acid (gas('ous). 
Til this cas(^ th(‘ hydrochloric acid maybe furnished bypassing chlorine 
gas into tlu^ boiling oil, th(' chlorohydrocarbons formed possibly re- 
acting in the presence of aluminum with hydrocarbons to form con- 
(kaisation jiroducts and the latter, in turn, breaking down under the 
iiiHiu'nce of the dry hydrogen chloride (in the presence of aluminum), 
to f(jrm chlorohydrocarbons of lesser molecular weight, these in turn 
being n'duced to the corri'sponding hydrocarbons by the action of the 
aluminum. 

This is suggested as one otf the possibilities. It is not definitely 
known just what is the' mechanism of the oil cracking process involving 
,the use of aluminum chloride or aluminum and chlorine. 

One of the principles upon which is based chemical methods of 
decomposition of petroleum oils is the raising of the boiling point of 
oils by condensation and polymerization, so that cracking or decom- 
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posing temperatures may easily be obtained without much rise in 
pressure of the system under treatment. Aluminum chloride, ferric 
chloride, hydrochloric acid, phosphoric acid, sulphur, suli)hur chloride, 
tin chloride, even sulphuric acid; in fact any reagent which will con- 
dense with, or polymerize hydrocarbons may b(' used for the purpose' 
of securing high-boiling relative'ly unstable hydrocarbon products, as 
one of the steps toward the ultimate objective. 

Friedel and Crafts (Abel) ^ treated pe'troleum with aluminum 
chloride (.5-20 per cent) at temperatures from 100° to 600° ('. (212°- 
1112° F.). The oil was thereby changed into light oils, gas, and heavy 
paraffin oils. Sulphur compounds were said to be simultaneously 
destroyed. Metallic oxides were also added. Naphthalene was 
converted by this method partly into benzene and toluene. 

S. C. J. Olivier has made a dynamic study of th(' condensation of 
p-bromobenzenesulphonic acid chloride with benzene and its deriva- 
tives in the piesence of aluminium chloride. 

It is statod that in carbon bisulphhlo solution no suljdiono is formed as in 
benzene solution, but an aliiniinum complex, instead, according to the eiiualion: 

CeHdirSOiCl, WCh + CelU = CelUHrSO,, WCU + + IICl. 

this reaction takes place (in absence of carbon bisulphide) in solutions to which 
traces of sulphur chloride (S 2 CI 2 ) are added, and more rajiidly in carbon bisul- 
phide solutions which have been kept, than in fri'sh solutions, it is said to be 
probable that t!ie reaction is due to sulphur chloride, whicli retards the formation 
of sulphone. When aluminium bromide is u.sed instead of the (‘hloride a pale 
yellow, hygroscopic, crystalline aluminum complex comiiourid, CV)Il4firS()2, A113r2 
(decomposing at r2.")‘’-b32° (' ), is formed with liberation of free bromine. Study 
of the formation of sulphone in solutions with benzime or its derivatives sliows 
that the sulphonic acid chloride reacts only as an eijuirnolecular compound, 
C6ll4BrS02CI, AlCd.,; one molecule of aluminium chloride can convert only one 
molecule of .sulphonic acid chloride, the constant of the reacjtion (when exce.ss of 
aluminium chloride is not pre.sent) being proportional to the concentration of alu- 
minium chloride; when excess of aluminium chloride is present tin* constant m- 
creiuses greatly. The velocity of reaction using th(‘ benzene derivatives named 
diminishes in the order — toluene, benzene, chlorbenzene, brombenzene, nitro- 
benzene. These facts are interpreted by a.ssuming that the acid chloride is acti- 
vated in the compound, C 8 lbHrS() 2 (d, AICI 3 , while the bi'nzene is activated in 
proportion to the amount of aluminium chloride combim'd with the sulphonic acid 
or sulphone. Free aluminium chloride is stated to be a mo.st cm'rgetic catalyst. 

Steele ‘S lias iiiulertakon cxporiinents to cluciclato the luoehanism 
of the aliimimiin chloride condensation reactions. After giving i\ 

1 J. S. C. I. 1878, 411; British Patent 4769, Dec. 1.5, 1877. 

2 J. 8. (;. I. 191.5, 217; Uec. Trav. Chim. Pays-Bas, 1914 [8.3], 91-182; 
Bull. Soc. Chim. 1914 [1.5], 783-781. 

^ Journ. Chem. Soc. Transactions, 1903, 1470. 
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rosunie of other endeavors alon^ the same line, ^ he states that for the 
synthesis of hydrocarbons no satisfactory explanation has been "hitherto 
advanced. Ff the ketone synthesis (see Perrier, loc. cit., below) is 
condition'd by the occurrence of intermediate compounds which can 
1 k' ('asily isolat(‘d, the facJ that the isolation of similar compounds in 
other cas('s is difficult or impossible is no evidence of their noiK'xistence, 
and it is pro])abl(^ that the formation of such compounds is a necessary 
condition of the Fri('del-(h‘afts reaction. 

Aluminium chloride as a condensinj^ a^c'iit usually behaves, it is 
said, in such a way that there is a definite n'lationship between the 
amount of substance formed and the amount of chloride used. In 
some' instance's, a lar^e quantity of the latter is required to brin^z; about 
condensation, and in others the; (plant ity is so small that the reaction 
partak('S of tlu' natun' of catalysis, and tlu' latter condition seems, it 
is stat('d, to o])taiu more ^('iierally when ferric chlenadc' is ('inployed. 

This apparently fundamental diffeivnce of Ix'havior is ])robably 
de])(‘nd('nt on and explaim'd by the formation, or nonforniation, of 
a compound of the aluniiiiiuin (or f('rric) chlorieh' with the product 
of th(' i’('aetion, and on the stability or ch^give of dissociation of this 
compound. 

Two c'\lr(‘iii(‘ ease's may Ix' <*onsi(lor('cl : 

(1) 'rh(' compound of aluminium chlorid<‘ and final pnxluct is pcrfoctlv stabk' 
or non-dl^soclal)l{^ (2) compl(‘t(‘ dissociation <ak(\s jdaixy or no compound at all is 
foriiK'd III tlu* fornuM* cas(‘, if the compixind is assumed to he one in which the 
two (‘omponents ai(' pri'si'iil m eijuivahait [iroportions, tlien, it is said, ('very izram- 
(‘(luivalent of rc'ajAi'iit { icid cldoride, for ('\ample) would, in tlie pn'sence of an (‘x- 
c<'ss of tlie second react mj»; substance, reiiuire approximatc'ly (piantitativi' ri'actmn. 
In tlie si'cond cas(‘, whi're (’oinpli'te dissociation occurs, th(' metallic cldoride sliould 
Ix'have as a true catalyst, since it wanild be constantly rcp;enorated, and the- 
(plant ity pres(_‘nt would influence onlv th(^ velocity of the n'action. In intermediate 
cases, where tlie final compound with metallar (*hlorid(* may b(‘ partially dissoci- 
ated, it must ni'ci'ssarily follow' that the }!;rcater the extent, of this dissociation the 
Ic'ss cldornh' will be ri'ipiin'd to briiif; ab(jut reaction between a given (piantity of 
r('actmg sulistances. 

Freidel and Crafts have shown that, besides the synthetical, there is also a 
(lisrui)tive action induc(xl bv aluminium chloride, as, for instance, the decomposi- 
tion of toluene into bi’iizeiK' and methyl chloride in the presence of an exci'ss of 
hydrogi'ii chloride, and it is probable that many more of these reactions are n'- 
versible, a fact which, if recognized, would go far to explain not only the poor 
yields, but also the extrenn'ly complicated and unexpected compounds which arc 
?5om(‘times (obtained. 

^ Perrier, Ber. 1900, 815; Boesken, Rec Trav. Chim 1900, 19; Kronberg, 
J. Prak (diem. 1900 [2], (31A94; Kohler, Amer. CHiem. , 1 . I9t)0, 385; Gustavson, 
(diem. (’entr. 1883, 314; Coombes, Compt irnd. 1880, 103,814; Konowaloff and 
Plotnikeff, J. Russ. Phys. Chem. 8(x*,. 1899, 31, 1020; Nencki, Ber. 1899, 32, 
2414; Gurewitch, J. Russ. Phys. Chem. Soc. 1902, 34, 025. 
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Perrier^ reviews his earlier work in the prepai'atioii of double com- 
pounds 'of organic bodies with metallic chlorides. In the preparation 
of ketones by the aluminum chloride method ^ he has shown that the 
reaction takes place in the two following steps: 

(1) 2R.CO.C1 + AloClfi = (R.C0.C1)2 AbClo 

(2) (R.C0.CI)2 AbCb + = 2HCi + 2(R.CX).C JI, ,).Al.,Clc. 

This hypothesis which he was able to substantiate by the' isolation of donbh^ 
compounds of aluminum chloride and acid chlorides and by the reaction of these 
bodies with hydrocarbons enabled him to modify the Friede 1-Crafts reaction in the 
following manner: 

First the double compound (R.CO.C’ljj AbCh is prcpanal by gentle heating 
of equimolecular quantities of acid chloride and aluminum chloride. This is 
dissolved in carbon bisulphide and reacted upon by the corresponding quantity 
of hydrocarbon, 'the double conqiound of {iluminum chloride and ketone then 
preci])itates m a crystalline form which uiion treatment with water is decomposed 
and yields the ketone. This method is stated to give better yields than th(’ or- 
dinary method. 

Pictet and Lerezynska^ find that anhydrous aluminum chloride dis- 
solves in the higher fractions (boiling point above 150° C.) from jK'tro- 
Icum to a brown solution, which on distillation yields as fii’st fraction 
(boiling point 40^-140° (U a product possessing all th(‘ propertii's of 
light petroleum spirit (benzine). Ton pc'r <*('nt of the weight of th(‘ 
petroleum is given as a suitable amount of aluininuin chloride to use. 
The yield of petroleum spirit is said to diqx'nd only on th(' sourct' of 
the petroleum and not on the rate of distillation or pressuri', and the 
product is not altered by a further treatnuait with aluminum chloride. 
Calcium, zinc, chromium, copp(‘r, mi'rcuric, and silicon (*hlorides art' 
stated to be without action on petrohaim; ferrous and imiv chloride 
have an incomplete* action at a higher temp(‘ratur(*. The petrohnim 
spirit produced by the action of aluminum chloride* is a colorless, non- 
fluorescerit liquid (specific gravity 0.72) with a })l(*asant ethereal odor; 
it consists of saturated hydrocarbons, and is said to be free from chlorines 
and sulphur. 

Concerning the decomposition of polyalkylbenzenes, E. Boedtker 
and O. M. Halse ^ state that a reversal of the Fri(*del-Crafts reaction 
can in general be brought about with more or less facility by the 
action of aluminium chloride on the alkylbenzene in presc'nce of a 
large excess of benzene. In the case of the xylenes alone this re- 

1 Bor. 1900, 815. 

2 Compt. rend. 116, 1300, and Inaugural 4’hesis of the Faculty of Science of 
Paris, 1896, 21. 

* J. S. C. I. 1916, 1098; Bull. Soc. (^hini. 1916, 19, 323-334. 

* J. S. C. I. 1917 (36), 129; Bull. Soc. Chirn. 1916 (19), 444-449. 
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action does not succeed, but when polyethyl-, isopropyl-, butyl-, and 
aniylb(uizenes were boiled with aluminium chloride in presence of ten 
times their weiglit of benzene, quantities of the monoalkyl-benzene, 
varying in each were formed according to the scheme; 

(^6H4 ((^2Hr,).> + ( We = 2C\K, (CAhY 

Of the greatest inter(\s(, how('ver, was the formation in excellent yield 
of toliKUK^ and cuiiKaui from cymeiu', which is available in large quan- 
tities as a by-prodiK^t. of tlu' sulphitc^-cellulose process. Nin(‘ty grams 
of (jynK'iie in 900 grains of b(‘nz(Mie gave, on boiling for 10 hours with 
4.5 grams of aluminium (chloride, a yield of 44 grams of toliKMie and 
08 grams of cumene, corn^sponding to 80 p(‘r ciait of that theoretically 
possible, leaving a residin' of only 3-4 grams of gummy material. It 
is said that the polyhalogi'ii derivative's of benzene could not be de- 
composed by the action of aluminium chloride and benzene in this 
maniK'r. 

Tlu' work of Huston and Friedemann ^ would indicate that a hy- 
droxyl group is capable' eif ae'ting in a manne'r similar to that e)f a chle)rine 
ateim (substitute'd eir ceintaineel in an e)rganic bexly) in aluminum ehle)- 
riele' syntlu'se's.^ 

Ipatiev anel Rutula*^ have' inve'stigate'd the polymerization of ethyl- 
ene' by nu'ans eif the' chleiriele's e)f zinc anel aluminum. Kthylemc uneler 
70 atme)sphe'r('s jire'ssure' anel 270° ('. (518° F.) in the pre'sence e)f zinc 
ehloriele' yie'lds a lieiuid })e)lyme'r. Fe)rty-e)ne per cent e)f this peilymer 
boile'd below 300° (' (572° F.). It e'e)nsiste'el ejf eile'fins, paraffins anel 
naphthe'iu's. The high beiiling fractiems cemtained more olefins than 
saturate'el eennpeiunels. The saturate'el e'.eimpenmels wexe niaele up eif 
both j^araffins and naiihthene's. The fractienis beiiling be'leiw 145° C. 
contaiiu'd e)n an ave'rage 28 pe'r e*ent e)f eile'fins. 

Whe'ii aluminum e-hleiride' is substitute'el feir zinc chloride' in the 

‘ Tliis sliows lh(’ plionoinenon of th(‘ traiisf(‘r, or nii^ration of an 

alkvl ra(li;-l(' from one inoUaMik' to anotlior 

.1 S T. leiT, ‘2)A; .) Amor (Mkmii. S«)o. 11)10 [-iS], ‘iViT-ioaa. 

■’TIk'v !iav(‘ ,sho^^n liuit amon^ Oio producis of tho inte'raction of honzyl al- 
cohol, benzene, aiul aluniiniuin ehlorule are diphen\ Iniethano, })rodueed in larj»;est 
amount and sma'Icr eomjxninds of p- and o-dihenzvIlK'nzene, a eomi)ound Ch> 7 ltj 4 , 
boiliny; j)oint d0S“ 310°t' at 20 rntn, which is probalilv a trilienzylbenzem' or 
inelhvlene-bisdiphenylmeth.inc', and anthracene, d'hi' \ields of the\se products are 
^Mireiatly inthicnced by the ])n’])Mrtions of t!ie rea}j;ents use<l, an excess of l)enzene 
favoring di[)henylmethane f rm it'on Similar products were obtained from 
benzyl ('thyl ether, benzene, and aluminium chloride', and from ehloromethyl 
ethyl ether, benzene, ami aluminium e'hloride. In the latter case formaldehyde 
is, it is said, probably an intermediate product. 

* Ber. 1013, 1748. 
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polymerization of ethylent', the reaction is much more violent. Under 
conditions similar to (hose used with zinc chloride, aluminum chloride 
is said to yield only coke and gas. 

Liquid products arc obtained at the ordinary ti'inperature with 
aluminum chloride. These consist of saturated and unsaturated 
hydrocarbons, tlic saturated bodies being mostly paraffins. 

The leaction between benzene, aluminum and mercuric chloride 
has been studied by W. Gulewitsch ^ who observes that if a mixture 
of 10 grams (1 mol.) of aluminum turnings and 151 grams (1^ mols.) 
of mercuric chloride, be cover(‘d with 15 grams of bcaizeiu', the mass 
becoriK'S heatcnl and the l)enz(‘ne boils. The reaction is allowed to 
continue and another 43 grams bcaizene (2 mols. in all) are added. 
Hydrogen chloride is evolv(‘d and a i-eddish-brown lay(‘r of liquid is 
produced, from which crystals were isolated having th(' composition 
CWe. AlCb. HgCl. 

R. H. Brownlee^ utilizes the polymerizing power of aluminuin 
chloride to convert unsaturated petrokaim distillates into lubi’icating 
stock. The distillates are heated and agitated with aluminum chlorid(', 
light oils distilled off, the residue wash(‘d, transfern'd to a still and 
reduced with fire and steam to make lubricating oils of the desirc'd 
viscosity. 

The apparatus sh<3wn in Fig. ICO is used. 

A is a rylinilrieal vessel in the center of which is a rotatahU' shaft having a 
series of agitating paddles or beaters. The shaft is suj)ported in a step box having 
surrounding clearance for circulation and pa.s.se.s upuardly through a stuffing box 
and a top bearing, and is rotated. The ves.sel A is surrounded by a hot \\at(T or 
steam heating coil, and a valve and conduit provide for uithdrawal of accumu- 
lated contents from the bottom of the v(\s.sel. 

Petroleum distillate containing a considerable percentage of unsaturated hy- 
drocarbons is first treated with sulphuric acid m the usual maniK'r to remove any 
objectionable matter, and is then charged into vess(‘l A through a manliole li. 

About one tenth of a pound of anhydrous aluminum chloride p(T gallon of 
distillate is added. The ve.s.sel is then clo.sed and the stirring paihlles are actuated, 
operating to agitate the liquid upwardly and the temperatun* is raised to from 
3fX)° to KX)'^ F. (I (’). d'he desired reaction will take place, it is said, to 

some extent at ordinary temperatures, but slowly and incomplete! v, comjiared to the 
higher temperatures noted. After stirring, for say an hour to an hour and one 
half, the stirring is stopped and a heavy dark colore<l sludge, resulting from the 
operations, is allowed to settle to the bottom of ve.ssel .1 and is drjiwn off thnaigh 
valve D. 

Any light naphtha vapor in the ve.ssel, i e., .saturated hydrocarbons not ex-' 
ceeding say 5 per cent to 10 per cent of the total charge, may be drawn olT, and 
conden.sed. This product has an acid reaction and may be easily neutralized with 


> J. S. C. I. 1004, 027; Ber. 1004 (37), 1.560-64. 
2 U. S. Patent 1,309,432, July 8, 1919. 
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soda. It is passed through a washer to nanove excess of soda and then drawn off 
and used as a fuel for engines. , 

Idle contents of agitating vessel A are cooled and again stirred, and are then 
alloNNed to stand, when coloring 


substances will settle to the bottom 
of the agiliitor and are drawn off 
Soda or caustic soda solution is then 
addl'd. Idle contents of the agitat- 
ing vessel are again stirred and al- 
lowed to si'ttle to the bottom. 
Excess of alkaline material is 
waslu'd out with wab'r and is drawn 
otT At tins stage in the jirocess, 
it, IS noti'il, th(' remammg product 
will have become clear and of a light 
amber color, and is drawn olT to be 
treated with steam in a still Jn 
sti'am distilling tlie product, at tirst 
a certain ])ro])oition of najihtha 
•vajior IS produced. If all of the 
distillate's from the still having a 
flash ])oint higher than about dO(E 
E. (141)'’ C ) are mixed, an excellent 
light lubricating oil is said to bo 
olitaiiK'd, of low viscosity. If de- 
sired, also, the product may be 
dividc'd as take'ii off, into si'parate 
fractional (|uantities of lubricating 
distillates, thereby olitaining a 
number of oils having diirereiit 
gravities and viscosities. 

It is stated that th(' distillate 
from this oil has a low cold test, 
- GO" to - 7lE E. and will remain 
bright lielow tliose tc'injiernture's. 

The oil rciiiaimng m the still 
will now have' been ri'diiced to 
the (lesirc'd flash and viscosity and 



Fig. 100. — Ajiparatus employed in manu- 
facturing lubricating .stock by means of alumi- 
num chloride, according to H. H. Brownlee. 


may be filtered to improve the color and clarity. 


The Chem. Fabrik Auf Actien * inaki' condensation products from 
nnsat mated hydrocarbons ])y allowing anhydrous inorganic chloridi's, 
as catalyz(a\s, to act upon mixtures of paraffin hydrocarbons with 
hydrocarbons poorer in liydrogen which contain at least two double 
Londs. The reaction products of a previous run can Ite employed also 
as cjitalyzt'rs. 

The All-Gemeine Ges. Chem. Ind.^ (Justice) frees cracked mineral 

^ Chem. Abs. 1015, 1000; German Patent 278,480, May 24, 1013. 

“ J. S. C. I. 1915, 1004; Chem Abs. 1916, 116; English Patent 3572, Feb. 11, 
1914. 
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oils from malodorous and resinifyinj!; substances by treatment with a 
salt of d heavy metal having a condensing action, such as the chlorides 
of tin, zinc, iron and copper, and then distilling. The residue left in the 
still is a viscid product which ultimately solidifies to a glass-like mass. 

Dunstan ^ removes olefins and diolefins, which impart a y('llow color 
and objectionable odor to petroleum cracked by the usual methods 
by slowly distilling the cracked oil in the i)resence of about one {)er 
cent of an anhydrous chloride (e.g., anhydrous aluminum chloride). 
To render it more effective, the chloride may be applied dissolved in 
an anhydrous solvent (e.g., abso ute alcohol), oi‘ mixed with a dry 
inert material; the mixture is stirred dining distillation. 

Heusler ^ in working with distillates from lignite tar has observi'd 
the presence of considerable (luantities of fhiojdK'ne and that the chlo- 
rides of titanium, iron and aluminum act ri'adily on thiophene. 

The unsaturati'd substancivs in coal tar distillales like coumaron 
and indene are said to Ix^ polymerizi'd b}^ much smaller amounts of 
aluminum chloride than are th(‘ unsaturated lyydro(*arbons in ligniti' 
and shale tar. Fractions of lignite tar boiling bi'low 200"^ (\ (392° F.) 
were treated with aluminum chloride, only 5 per cent of thi^ ri'agent 
being necessary to compk'tely remove olefins, thiojfiiene and its horno- 
logucs. By decomposing the aluminum complexes with lime and then 
distilling off the resulting oils, considerable quantitii's of high boiling 
oils were obtained. 

Alsace petroleum oils boiling between 130° C. (266° F.) and 17()°('. 
(338° F.) yield 93.5 por cent of saturati'd hydrocarbons, it is said, by 
boiling with 2 per cent of aluminum chloride and si'parating the small 
resinous mass which forms. On treating a fiaction of Ohio petroleum 
with aluminum chloride, a lively evolution of hydrogen sulphide is ob- 
tained. High boiling oils are not formed in this case, so it is concluded 
that this fraction does not contain any considerable amount of un- 
saturated hydrocarbons. This treatment removes suli)hur compounds. 
The illuminating oil fraction of Ohio oil heated with 0.8 per cent alumi- 
num chloride to incipient boiling yields 97 per cent of pure fri'e oil, 
which gives only a reddish coloration with sulphuric acid. 

The oils obtained by Engler ^ in distilling fish oil under pressure, in 
part boiled between 100° and 120° C. (212°-248° F.) and contained a 
considerable amount of unsaturated hydrocarbons. This fraction was 
treated with aluminum chloride and the unattacked oils distilled off' 
(using steam). The amount of unattacked hydrocarbons found liy this ' 

» J. S. C. I. 1918, 727A; English Patent 119,751, Nov. 28, 1917. 

2 Zeitschr. Angew. Chemie, 1890 [9], 288 and 318. 

» Ber. 1888 (21), 1816; 1889 (22), 592; 1893 (20), 1430. 
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method agreed closely with the figures reported by Engler when em- 
ploying a different method of determination. This showeef that it 
was the uiisaturated oils which the aluminum chloride had polymerized 
into high boiling viscous oils. 

Adiassewitch ^ treated the unsaturated burning oils derived from 
shale, with aluminum chloride, observed the evolution of hydrochloric 
acid and noted that by distilling the reaction product, refined burning 
oils wer(‘ obtaiiK'd leaving a residue suitable as lubricating stock. 

The treatment of the burning oil was carried out as follows: 

Into a wrought iron cylinder, lined with lead and provided with an agitator and 
a steam coil, is introduced dilute sulphuric acid of 00 per cent strength amounting 
to about 0.75 per cent of the oil, which is next introduced into the vessel. Pres- 
sure is then aiiplied by means of an air jiump at about 15-20 lbs. per square inch. 
Steam is passed through the coil until the temperature is between 40° and 50° C., 
;it which temperature the oil is kept for about 2 hour, the stirrer being at work 
meanwhile. 'The oil is now allowed to rest until the acid and other matters have 
settl(‘d and then separated, and may then be at once washed with water or may be 
agitati'd again with diluted sul|)huric acid without heat and pressure. The oil is 
ni'xt tiansferred to another vessel which may be a cylinder not lined with lead 
but otherwise is similar to the first, one; here it receives an addition of about 0.3 
per cent of its weight of caustic soda di.ssolved in waiter, preferably to form a lye 
of I 32t) s])ecitic gravity. The lye is added gradually while the stirrer is rapidly 
rotat(‘d and the temperature is raised by the steam coil. A pressure of about 25 
to 30 lbs per s<iuare inch is applied and the temperature is maintained at near the 
boiling point of th(‘ oil until the mixture is completely emulsified. The agitation 
IS now^ sto])ped and to promote settlement the vessel is attached to a reflux con- 
denser and o})en steam blown through the oil for a short time. The caustic soda 
liipior and tar is th(*n drained off, the oil washed wdth waiter and transferred to a 
settling tank where it must be allowed to become thoroughly dry, this being aided 
if necessary, by heating with closed steam. 

The dry oil is next puinjied into an iron vessel having a stirrer and a reflux 
condenser the outlet end of which is connected with apparatus for absorbing hy- 
drogen chloridi' and is provided with a valve The oil is heated and stirred while 
there is introduced aluminium chloride amounting to about 2 per cent of the weight 
of the oil. The chloride may be introduced (dther m the g;iseous or solid state; 
in the latter case a valve which will allow introduction without access of moisture 
to the aluminium chloride is advantageous. In the former case the aluminium 
chloride may be heated m a retort connected with the vessel. After the alumin- 
ium chloride has been added the temperature of the oil is raised by closed steam 
or direct heating to about 150° G. and maintained at this degree for about 3 
hours. At the same tune the valve on the reflux condenser is closed by degrees 
to raise the pressure to 10-12 lb's, per sipiare inch, but is afterwards opened at 
ihtervals to allow gases to escape. At the end of the operation the oil is allowed 
to settle and thim transferred to another vessel, washed with water containing a 
little lime and finally distilled to separate the burning oil from the lubricating oil; 
the distillate being refined in any known manner. 


1 British Patent 4431, Feb. 25, 1903. 
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Fig. 1(U shows a longitudinal vertical section through part of a cylinder having 
a valve ^suitable for the mtroduction of aluniinium chloride. The cyhnder a has 

a stirrer b and a hopper c, which has 
■ ^ an air-tight cover d. Within the 

hopper are two grinding rollers and 
just below the.se is a slide valve /. 
The aluniinniin chloride is charged 
into the hopper which is t hen covered. 
The rollers are rotated and the valve 
/ opened, whereupon the aluminium 
chloride i)a.s.ses slowly into the cyhn- 
der. By connecting with the cylinder 
a heati'd retort containing aluminium 
chloride, the latter can be mtroduced 
in the state of vapor. 

Lor a heavy oil the sulphuric 
acid treatment may be condm^ted at 
a temperature as high as 150" C. and 
a t)ressur<‘ of about 40 lbs. per 
square inch and the proportion of 
diluted acid may be 0.5 to 5 per 
cent. Similarly the pressure may be 
increased to 50 lbs. iier square inch, 
in the caustic soda treatment and to 
30 lbs. per sipiare inch m th(‘ treat- 
ment with aluminium chloride. The 
proportion of the latter may vaiy 
according as th(‘ proportion of sul- 
jihur in the oil is low or high. The 
temperature of heating with aluminium chloride may also be higher than that 
given if the oil be of higher boiling point. 



Fig. IGl. — Apparatus used in treating oils 
with aluminum chloride by the method of 
Adia.ssew'itch. 


Henderson and Gangloff ^ htivo carried out a large number of ad- 
mirable experiments on the action of aluminum chloride upon un- 
saturated compounds. They note that on shaking ordinary gasoline 
with anhydrous chloride, the unsaturated hydrocarbons are convertial . 
into a dark colored sludg(‘, and the resulting gasoline gives no color with 
concentrated sulphuric acid. Petroleum ether acts in a similar way. 
These investigators have prepared a large number of addition com- 
pounds of aluminum chloride and unsaturated compounds, the chief 
results of this work, so far as it may have a bearing in the gasoline 
field, being cited below: 

1. Action on Acetylene and Ethylene. Dry acetylene prepared from the car- 
bide was pa.s.sed into a clo.sed ve.ssel containing finely powdered fre.shly prejiared 
anhydrous aluminum chloride. No noticeable absorption occurred within several 
hours. Upon heating the aluminum chloride to (i0°-r)2" Cb a reddish browm sub- 
limate appeared, dense vapors were produced and the sublimate soon turned black 


1 J. Am. Chem. Soc. 1916, 1.382 and 1917, 1420. 
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and remained unchanged, after heating to 140° C. Heating to 240° C. yielded 
nothing but tar. The black substance resembled pitch and showed no crystalline 
lorni. It wiLs evid(‘ntly a complex mixture. Dry acetylene was then passed into 
a solution of aluminum chloride in absolute alcohol and the solution was kept 
saturated with acetylene. After five days, small, colorless, glistening crystals 
a])peared. Analysis clearly indicated that the product had the formula 
Al('l,i 2C2H J.2II2O. The corresponding compound prepared from ethylene had 
tlie formula AICI3.3C2H4 H2O. 

2. Action on y-lhdijlcney (Cll3)2C: CH2. Methyl alcohol was used as 
solvent, for the aluminum chloride. The product obtained luus the formula: 
AlCl3((dL)2G ^ Cll2.2(dl30H.H20. 

3. Action on Atnijlcnc, (Cf l3)2(L CILCH.1. Boiling point 3()°-38° C. Dry 
powdi'ied aluiiiiniini chloride reacted at once with the pure liquid giving a series 
of bright colored tars, y(41ow t,o red to sienna as the amount of chlori<lc added was 
increased. Tlu'se tars, when dissolved in methyl or ethyl alcohol yielded on frac- 
tionation, a series of carbinols (alcohols) ;is verilied by the Baumann-Schott,en 
reaction. Trimethyl carbinol ((GH3)3C()ll) (tertiary isobutyl alcohol) was formed 
\n largest amount; on further heating some deeylene was obtained as a heavy 
dark tlnorescent oil. A solution of aluminum chloride in ab.solut,e ethyl alcoliol 
inixi'd with amyU'iie gave a fairly well crystallizi'd product within two weeks, 
'rius lias the formula: 

.VlCla-Gdlio-GlLOlI. 

4. Action on riicnyl Kthylcnc, (AILCH:GH2. Two proilucts wa^e secured; 
one has tin’ comiiosition .VK -U-C kllsCII : (dli. A spi'cimen of this well crystal- 
lized body, on standing .siweral months, alti'red its composition, took up water, be- 
came oil}'^ and was convertiMl into a body with the formula: 

.VlCl3-2(AH,-CH:CH.-2H2(X 

The invc'siigators also uiuhudook oxpiulinents to tost the value of 
(lifh'ri'iit, juihydroiis chlorides in condensing reactions. In the prepa- 
ration of bi'iizophenone from Ixmzoyl chloride and benzene, aluminium 
chlorides was found to be the most eflicicuit, giving yiiLls of 70-71 per 
C(‘nt. TIndci the same conditions with r(‘aclions carried out simul- 
.tani'ously, ferric chloride gave yields of GO -62 per cent; zinc chloride 
28 32 per emit but chromic chloride gave no yield, (diromic chlor- 
id(^ does not appear to act as a condiuising agent but resembles more 
closidy sonu5 of the rare earth chlorides, e.g., those of lanthanum. 
Cuprous chloride also failed to effect condensation. These results along 
with tlu^ low yields obtained with anhydrous zinc chloride make it ap- 
pear that some of these anhydrous chlorides arc specific in their action.^ 

^ No crystalline product suitable for analysis was obtained with oyclohexene. 
^he addition of t he dry chloride to oleic acid resulted in the immediate formation 
of heavy tars. On standing, these tars became hard like jusphalt. Aluminum chloride 
dissolved in methyl alcohol and mixed with oleic acid in eipiimolecular amounts, 
gave in four months a cry.stalhne mtiss resembling brown sugar. The product has 
the formula: AlGb-CwHaa-COOH In this case the effect of the increased number of 
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It iSiStated that Menschutkin,‘ vvorkiiij? with th(^ anhydrous chlorides 
of iron, antimony, arsenic, tin, etc., found similar results. Henderson 
and Gangloff further state that owing to the higher tem])erature con- 
ditions involved in the process of oil cracking, it is not likely that the 
compounds that they obtained are the ones formed in that process, but 
that it is only reasonable to assume the formation of similar combina- 
tions between the metallic chlorides and other unsaturated bodies j)re- 
sent. These chemists believe that there appears to bo little doubt that 
in the catalytic (aluminum chloride) oil cracking processes, the catalyst 
combines with certain products in the reaction so that the unsat uratcul 
portion of the oil is held back from the distillate. 

Eglofif and Moore ^ have studied the elh'ct of the catalytic or chemical 
action of the chlorides of metals and non metals upon th(‘ formation of 
gasoline from a paraffin base kerosene. 

The experiments were carried out in an SOO e e. ICjeldahl flask fith'd witli a 
two-holed stopper, through one hole of which was attached a (llmsky distilling 
head connected with a Liebig condenser. Through the* other hole a glass tulie ex- 
tended to the bottom of the flask; hydrogen chloride and chlorine were pass(‘d 
through this tube, and reacted with the metals and non metals in the flask. A 
charge of 400 or 500 c.c. of kerosene and 10 per cent by weight of tfle catalyst 
was placed in the flask, and the mixture distilled with a Bunsen burner over an 
average period of three hours. The app(*arance of the distillati's from the dilTerent 
runs varied widely, as did the residues in the flask One hundred c.c. of the dis- 
tillate were redistilled in an Paigler fliusk, and the fraction up to 1.50” Ck (302” F.) 
was taken as gasoline. In the chlorine runs on ]fliospliorus and sulphur the 
action was so strongly exothermic that fliushes of light were emittc'd under tlie oil. 
The following results were obtained: 

carbon atoms Ls noteworthy. Again no water or alcohol of crvstallization appears 
necessary for a crystalline product, similarly to tin* cas(? of phen>'l ethylene. The 
product obtained with furnaric acid had the formula, AlCfl.j-( kH 4 () 4 . The dry chlo- 
ride acting on a sample of furfuraldehyde gave a heavy black tar at once with 
evolution of sweet odors. A solution of aluminum chloride in riK'thyl alcohol reacted 
slowly with the furfuraldehyde forming a well crystallized, shiny, coal-black prod- 
uct in from five to eight days. The formula of the compound is: Al(fl3-C6H4f)2- 
CH3OH. Benzaldehyde was dksolved in methyl alcohol and treated with alumi- 
num chloride. A product was obtained which had the formula Al(fl 3 -Cr,Hf,Cll() • 
CH3OH. The formula of the product obtained from allyl alcohol out of methyl 
alcohol solution was: AlCb-CelLOTTIaOH. Anhydrous ferric chloride was now 
substituted for aluminum chloride. In all cases the reactions were very similar 
to those of aluminum chloride but less vigorous and not so (iornplete. With amylene 
the compound formed had the formula: FVCfli-CsHioTfilsOII and on furfuraldoi 
hyde a product was obtained with the formula: FeCI i C&H 402 CII.{0II. 

' (J. Russ. Phys. Chern. Soc. (1900) 41, 1089; (1911) 43, 1329.) 

2 Chem. Abs. 1916, 2399; J. S. C. 1. 1916, 882; Met. (^hem. Eng. 1916 [15], 
67-9, 
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'FabL’ showing Comparative Action of Vanons Metals and Non-metals in ^Presence 
of Hydrogen Chloride and Chlorine^ respectively 

Using hydrogen chloride 

IVIagnesiuin Selenium Zinc vSodium Aluminum 

Per cent recovered oil 75.1 45.0 70.0 70.0 71.0 

Percent giisi)lmc 1.1 1.8 4.0 5.3 37.3 


Using Chlorine 

Mfigrie- Sele- „ So- Ahimi- Phos- 
Zinc , 

Slum mum dium num phorus 

Per cent recovered oil. 07.5 48 0 . . 73,8 55 0 

Per cent gusidine 0,3 5.3 .. . 15.0 1.7 


Sulphur Silicon 

07.5 600 

0.7 0.0 


The following; n^adions are given to illustrate the addition and 
splitting off of the hydrocarbons. The |)araffin hydrocarbons in kero- 
seiK' are those with boiling points around decane, undccane, trid(‘cane, 
and compounds of higher molecular weight. Their hypothetical 
reactions with aluminum chloride an^ set forth as follows: 

Al(d3 + (.hoH,, + (hiHo4 = CioH22‘AlCd3-CnH24 

= + CN5H32 + AICI 3 . 

When hydrogen chloride was passed over aluminum, no unsaturated 
compounds wen* found in the gasoline fraction, but when chlorine 
was passed over the smuk' metal, unsaturat('d hydrocarbons were found. 
The following hyj)othelical ^'action is given to explain this result: 

AlCh + C 10 H 22 = AlCl3-C\oTT22 = (AHio E (^5Hr> + AICI 3 . 

It is noted that hydrog(‘n chloride gave a much better yield than the 
chlorine. 

Moore and Eglofif ’ give specific evidence concerning the compara- 
tivi'ly laige number of definite compounds formed by the action of 
aluminum chloiide on l)enzen(‘, toluene and xylene. They observe 
the formation of hexidiydrotoluene from the action of aluminum chlo- 
ride' on toluene and .xyleiu', respectively. 

Egloff and Moore “ summarize' the* results of their study of the 
action of aluminum chloride on fractions of a naphthene base oil as 
follows: 

1. A naphthene base oil was subjected to fractionation of approxi- 
mate'ly 28 per cent of the total in six distillation cuts. These were 
cfistilled in 25^^ C. cuts and their physical constants determined. They 

^ Mot. and Uhrm Eng. 1017 (17), 01. A review of the literature concerning 
the action of aluminum chloride on aromatic compounds is also given. 

2 Met. and Uhem. Eng. 1910 (15), 340. 
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were then analyzed for the percenta^^e of unsaturatcd, percentage of 
nitratablc hydrocarbons, and the specific gravity and refractive index 
of the hydrocarbons unattacked by sulphuric and nitric acid were 
determined. 

2. The six oils after treatment with aluminium chloride gave from 
24.3 to 60.2 per cent yield of hydrocarbons boiling below the lowest 
boiling point constituent of the starting oil. The maximum conversion 
was in the highest boiling point oil. 

3. The percentage of oil recovered after aluminium chloride treat- 
ment ranged bet, ween 60 and 79.3 per cent, the balance of the oil going 
to gas, carbon and losses due to neutralizing, washing and drying. 

4. The specific gravity and the refractive index of the recovered 
oil was in each case lower than the starting oil, the greatest (4iange 
taking place in the highest boiling fraction. This oil iK'forc treatment 
gave a specific gravity of 0.849; after conversion 0.774. A similar 
drop is to be not(’d in the n'fractive index of the oil. 

5. The specific gravity and refractive index of th(‘ distillation cuts 
of the converted oils dec?‘eas(i as the boiling points of the starting oils 
increase. 

6. The percentage of gasoline in the n'coven'd oil rangtxl between 
23.5 and 47.3 per cent. 'The gasoline fornu'd was wat(T-white, faintly 
aromatic and contained practically no unsaturated hydrocarbons. 

7. The maximum percentage of gasoline on the basis of 100 gal. 
of oil used was found in the highest boiling point oil used and gave 
32.1 per cent. The formation of gasoline from th(‘ six oils ranged 
b(‘twcen 18.4 and 32.1 per C(‘nt on basis of oil used for production. 
The highest p('rcentage of gasoline converted from the highest boiling 
point starting oil gave the lowest sjx'cific gravity of 0.726. The sp(‘cific 
gravity of the other gasoline cuts ranged bet ween 0.726 and 0.801. 

8. The formation of toluene and xylene reachcul a maximum in 
the recovered oil from the lowest boiling point starting oil, while Ixaizene 
reached a maximum in the second lowest boiling point starting oil. 
These maxima were as follows on the basis of oil used for production; 
for benzene 1.11, for toluene 2.35 and xylene 7.80 per cent. 

9. The percentage of unsaturated hydrocarbons in the oils before 
treatment was usually higher for the same distillation cut than in tlie 
converted oils. The maximum un.saturation in any distillation cut 
of the starting oils was 8.3 per cent while 10 per cent was the maximum 
in any distillation cut after conversion. 

10. The percentage of nitratablc hydrocarbons in the distillation 
cuts after conversion by aluminium chloride decreases as the boiling 
points of the starting oils increase. The percentage nitratablc in the 



CHEMICAL METHODS OF CRACKLXG OILS 


397 


distillation cuts gave values ranging between 0 and 43. G f\cr cent. 
These values were lower than any similar distillation cut before con- 
version. The high percentages of the nitratable hydrocarbons in the 
original oils is impressive, the distillation cut between 150° and 175° Cl 
giving a value of 54.9 per cent. 

11. The percentage of the* stable hydrocarbons remaining after 
sulphonation and nitration in cveiy case was greater* in the converted 
e)il. 

The* application of aluminum and chlorine in increasing the yie'ld 
e)f na[)htha has recerved thorough stuely in the hanels of McAfee. 
That, part e)f the work elealing with the application e)f aluminum chloriele 
as sue‘h is elesci’ibed as folIe)ws: ’ 

Hi the [)ractical opei’ation of this process, crude petroleum of any 
kinel is first elistille^el until the* naturally oe*curring gasoline anel keroseme, 
if there* be* any pre'sent, is elistilleel e)ff. In many cruele oils and especially 
some e)f those from Te*xas, ('alifeuriia anel Mexie^o, there is substantially 
no gase)line* pre‘se*nt and ve*ry little* kerose*ne. But in any event, the 
er’ude is first he'ate'd to frc'e* it of any moisture whie*h it may ce)ntam, 
since the e)il must be pe*rfectly elry be‘fe)ro aeleling the aluminum chloride. 
The* next step is to aeld anhyelrems aluminum chloride to the remaining 
]’e*sielual e)il, anel then bi'ing the* mixture* to boding in the still. Boiling 
is usually arounel 500° F. and generally remains betwe*e*n 5(K)° and 
550° F. eluring the* e*ntire ehstillatiem, exte*neling over a perioel of twenty- 
Ibur lo forty-e*ig]it he)urs. There is no ne‘e*el e)f emple)ying e^xtra pres- 
sure or vacuum or speH*ial still; any still with a stirre*r in it suffices. 

(Irante'd sufficie'iit tijiie*, the suce;e*ss or failure* of this process elepends 
uj)e)n the* pi’ 0 ])e'r conlje)t of the te*mp(u*ature at. which the oil vape)rs arc 
allowe*d te) k'ave* the* elistilling system to emter the final conelemser. 
Belwe‘e*n the still anel the final e;ondense*r are place*el two air cooled 
ce)nele‘nse*i's e*onne'cted in seri(*s, which separates the low boiling oils from 
the* high be)iling e)ils, re'turning the latter t.e:>gether with any volatilizeel 
aluminum e-hloriele to the still. For a 1000 barrel still, air condensei's 
in the^ shape of drums of oval cross-sect ie)n, 3' X 6' X G' high may 
be use*el. In adelition te) the air conelcnsers, a 3-foe:)t elome is attached 
to the; top of the still which serves to return most of the volatilized 
aluminum chloriele anel its compounds. The operatie)n is so controlled 
that the vapor is kept at the elesired temperature as indicated by a 
Aiermometer placed in the vapor lino at the point of exit of vapor into 
the final or water cooled eondemser. The temperature at this point 
shoulel not exceed 350° F., otherwise ne)t only will heavy e)ils distill 
over, but the aluminum chloride (or its compounds with hydrocarbons) 

^ McAfee, Trans, Am. Institute of Chcin. Engineers, 1915 (8), 179-195. 
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will enter the condenser and clog it up. Under the first named con- 
dition, the distillate obtained will be a mixture of gasoline, solvent 
oil and kerosene which are afterwards separated by fractional dis- 
tillation. These products are stated to be all water white, sweet smeJlmg, 
saturated and need no refining with sulphuric acid. In practice, no 
treatment is given them, except a washing with alkali, followed with water, 
to remove hydrogen sulphide. With proper back-trapping of high boil- 
ing oils into the still from the air cooled condensers and a temperature 
of 300° F. in the vapor line, the distillate obtained will be gasoline 
alone, which is ready for the market when washed with an alkaline 
solution. 

It is a mistake, it is observe^d, to assume that with a given amount 
of aluminum chloride and boiling it up with oil, the desired n^sults will 
be obtained. The belief is expressed that the chemical action is one 
of association or combination in the liquid phase and dissociation in 
the vapor phase. It is well known that aluminum chloride exists in 
the solid and liquid states as AbUle and in tlu* vapor state as AlUb. 
It is also well known with what avidity aluminum chloride' in the solid 
or liquid state will combine with other salts to form double' salts. The' 
most common of these double salts is that e)f aluminum anel seulium 
chloride. Aluminum chle)riele probably combines, it is stated, with 
these high boiling, complex hydrocarbons in nme*h the same way as it 
combines with sodium chloride anel wIk'ti the lx)iling te'inperature is 
reached these double compounds bc'come unstable, anel dissociates into 
lower boiling hydrocarbons, which, unden* the temperature' control 
imposed in the vapor line, leave the distilling system as fast as proelueaxl ; 
AbCle is again forme'el and is capable of ce)nibining further with e)the'r 
high boiling hyelre)carbons remaining in the still, anel free carbon is 
formed simultaneously. This view of the re'action here involveel is 
thought to be confirmed by the operating conditions mentioneel as^ 
necessary for obtaining the desired results. 

While the operation, using crude oil as the starting material, can 
be carried on to produce larger or smaller quantities of gasoline, in 
practice it is conducted so as to convert the gas oil fraction into low 
boiling hydrocarbons and leave most of the high boiling hydrocarbons, 
that is, the paraffins and lubricating oils. Accordingly, the operation 
is interrupted after a portion of the emde has been converted into low 
boiling products, and the high boiling oil remaining in the still is pumped 
off while hot and on cooling is worked up into the usual paraffin and 
lubricating products. The aluminum chloride remains in the still 
enmeshed in a mass of coke. 

As illustrative of the action of aluminum chloride on high boiling 
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petroleum oils, results are given below, obtained on typical ^crudes. 
For the sake of convenience, the distillate obtained by distilling the 
crude before the addition of aluminum chloride will be termed primary 
distillate,” the oil remaining in the still being termed “ primary residual 
oil the distillate obtained by distilling the primary residual oil with 
aluminum chloride will be termed ‘‘ secondary distillate ” and the oil 
remaining in the still, “ secondary residual oil.” 

The distillation tests were made on 100-c.c. samples contained in standard 
Engler flasks connected to a 22-incli Liebig condenser. All fljish points noted are 
in op(‘n cup tester. Viscosities noted are on the Saybolt Universal Viscosimeter at 
100’ F. W.W. and S.W. are abbreviations for water white and standard white, 
respectively. Texas crude of 20. S Be. gravity was distilled until free from moisture 
and until the naturally occurring gasoline and kerosene had been distilletl over. 


Yield 


Primary distillate 
Piimary residual oil 
Loss. . 

Total 


Per cent, 
('rude 
7.14 
91 20 
1.00 
100 00 


Tests on Pki.marv Distillate 


Gravity . . . . . .... 30 

BromiiK' No. . . . 5.40 

Distillation ov('r . 2t)0° F. 

10‘;. . . . . 320 

20^, 3U 

30% 308 

40 ' ; 3S0 

50 . 4(K) 

00 442 

70'^; ... .408 

80 < ' . . 490 

90<;. . 505 

95% . 520 


The primary distillate yielded on fractional distillation the following products 



Per Cent 
Crude 

Gravity 

Baume 

Color 

Per Cent 
Sulphur 

Bromine 

Number 

Gasoline 

0.303 

58.0 

W.W. 

0 005 

4 8 

Gas naphtha 

0. ISO 

51.0 

S.W. 

0 103 

3.1 

VV.W. kerosene 

1.200 

41.0 

W.W. 

0.071 


8.\V. kero.sene 

1.530 

40.9 

W.W. 

0 133 


Gas oil 

3.791 

31.2 


0 380 


Loss 

0.076 





Total 

7.140 
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Tests on Puimary Residual Oil 


Gravity 19.8 

Viscosity 302 

Distillation over 480° F. 

10% r)30 

20 % 566 

30% 600 

40% 656 

50% 680 


To the primary resiOual oil was added 7 ] per cent by weight of anhydrous 
aluminum chloride and the mixture brought to boiling, d'ho fidlowing obsiTva- 
tions were made during the course of the run: 


Time 

Temp, of 
Still 

Temp, of 
Vapor 
Line 

Distillate, 
Per ('ent 
(3iarg(' 

( Iravily 
Baume 

Distillation Test 

Over 
Deg. F. 

Per Gent 
Below 
350° F. 

Per Out 
Below 
450° F. 

Dry 
Poir' t 

1 r.M. 

454 

268 

Showed up 






1:30 

479 

290 

2 86 

55 9 

no 

68 

80 

490 

1:45 

488 

300 

2.86 

55 2 

110 

()9 

84 

490 

2:15 

495 

302 

2 86 

54 4 

no 

66 

80 

490 

2.45 

504 

290 

2.86 

54 1 

no 

66 

81 

490 

3:15 

508 

290 

2 86 

53 5 

no 

65 

80 

490 

4:15 

518 

340 

2 86 

53 7 

no 

65 

80 

490 

4:45 

523 

340 

2 86 

53 7 

no 

65 

83 

490 

G.OO 

525 

310 

2.86 

53 5 

105 

60 

82 

490 

7:00 

530 

344 

2.86 

53.3 

100 

58 

81 

490 

8:30 

530 

340 

2.86 

53.5 

100 

58 

81 

490 

10.30 

542 

310 

2.86 

53.2 

100 

60 

83 

490 

1 A.M. 

547 

320 

2 86 

52.6 

1(X) 

60 

83 

490 

4.00 

547 

300 

2. 86 

52 1 

100 

60 

83 

490 

6:30 

552 

290 

2 86 

52.8 

100 

58 

83 

495 

10.00 

551 

305 

2.86 

50 6 

100 

58 

83 

500 

1 P.M. 

557 

302 

8.57 

49 7 

100 

55 

85 

510 


From Back Trap 

1 39 







The operation was stopped at the end of twenty-four hours. 


Yield 

Per (Ynt Charge 

Per (’ent (h'ud(‘ 

Secondary distillate 

52.86 

48 24 

Secondary residual oil 

31.14 

28. 42 

Loss (gas and coke) 

16.00 

14.60 

Total 

100.00 

91.26 
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Tests on Secondary Distillate 


Gravity 51. 1 

l^istillatiun over 100° F. 

10% 174 

20 22S 

30 % 265 

40% . 294 

50 324 

60% 357 

70 ' 3SS 

80 % 428 

90 % 475 

95% 500 


'rhe s(*eon(lary dislillate on fractional distillation yielded the following products: 



Per (Vnt C'harge 

Per Cent Crude 

1 

(lasoline ... . . ... 

38. 18 

17 45 

( las naphtha 

26 62 

12.85 

W W. keroseiK' . ... 

2 65 

1.28 

S.W k(T()sen(' . . 

9 53 

4.59 

Solar od .... 

21.80 

10.52 

Loss 

3. 22 

1.55 

Total . . .... 

100.00 

48.24 


''Idle tesis on the gasoline and the ^as naphtha are as follows: 



Giusolme 

Gas Naphtha 

'Color . 

W.W. 

S.W. 

Odor 

Sweet 

Sweet 

Bromine ISo . . 

4.2 

3.2 

Dr. test . ... 

O.K. 

O.K. 

Heat test ... 

4 

3 

Sulphur . 

0.056 % 

0 054 % 

Gravity ... . 

64 5 Be. 

50. 2 Be. 
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Gasoline 

Gas Naphtha 


Deg. F. 

Gravity, Be. 

Deg. F. 

Gravity, B(^. 

Distillation over 

117 


215 


10 'o 

160 

82 1 

240 

57.0 

20 

170 

79 0 

246 

55 0 

80 

179 

75 8 

258 

54.1 

40 

190 

70.9 

260 

52 8 

50 

208 

66 0 

270 

51 8 

00 

222 

61 8 

280 

50 2 

70 

289 

57 7 

298 

49.1 

80 

261 

64 2 

806 

47.5 

90 

298 

50 4 

832 

45 4 

98 dry point 

339 


850 



The secondary residual oil obtairuMl in the ahovc^ process had the 
following tests, when freed of aluminum chloride: 


C'olor •• . Rf‘4, green bloom 

Flash . • .. 185® F. 

Fire ‘^*50 

Viscosity 105 


This residual oil was rcMluced with stejim in order to make lubri- 


cating oil. 


Yield 1 

1 

P(T (Vn( Charge 

Per C(‘nt (Vude 

Gas oil 

10 00 

2.81 

Lubricating oil 

90 W 

25.58 

Total 

100 00 

28 42 


Tests on LunmcATiNci Oil 


Color Rf^<^l> green bloom 

Gravity ‘-^1-^ 

Flash 290 

Viscosity 122 
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Summary of Yield of Products From Texas Crude by ^ 


THE Aluminum Chloride Process 

Per Cent 
Crude 

Primary gasoline 0.30 

Secondary gasoline 17.45 

Primary gas naphtha .... 0 18 

Secondary gas naphtha 12.85 

Primary kero.senes .... 2.79 

Secondary kerosenes 5.87 

Gas oil . 17.15 

Lubricating oil .... . . 25 58 

Total . . . 82.17 

Loss account distilling primary distillate . . ... 1.60 

Loss account distilling with aluminum chloride 14.60 

Loss account redistillation of primary distillati* 0 08 

Loss account redistillation of secondary distillate 1 55 

Total fooT^ 


The following; table compares the yield of productvS from a Texas 
crude by the aluminum chloridi^ proc(‘ss with the yield of products 
•as obtaiiH'd wIkui the crude is distilled in the usual maimer: 



Per Gent Grude 
Aluminum (diloridc 
Process 

Per (k'lit (Vude 
Gsual Process 

Gnsoliiic ... 

17 75 

z(‘ro 

Gas napldlui . . 

13 03 

0 10 

Kc'rosi'ucs 

8 (>() 

4 30 

Gas oil 

17 15 

52 00 

Lubricating oils , . . 

25 ,58 

25 .50 

Asphaltic residual oil 


12 00 

Total .... 

82 17 

93 90 

1 jOSS 

17 83 

6 10 



100 00 

100 00 


In ordinary practice no gasoline is obtained from this typo of Texas 
crude; by the aluminum chloride process 17.75 per cent is obtained 
and this gasoline is as good as the natural gasoline made from any 
crude pt'troleurn. The gas naphtha, which might very well be mixed 
with the gasoline, has been increased from 0.1 per cent to 13.03 per 
cent. Tt will be observed that these low boiling oils have been made 
at the expense of the gas oil fraction and the asphaltic residual oil, the 
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latter being broken down completely. Gas oil is the least valuable 
constituent of the crude. The asphaltic residual oil is used for fuel or 
is made into asphalt. The yield of lubricating oil by the aluminum 
chloride process is about the same as that in the usual process, but the 
quality of the former is said to be greatly improved by virtue of the 
saturating effect of the aluminum chloride and the elimination of 
asphaltic and resinous constituents from the oil. 

A Gaddo (Louisiana) crude of 41® BA was distilled to free it from 
moisture and natural gasoline. 


Yield Per (Vnt Crude 

Primary distillate 26.10 

Primary re.sidual oil 71. Id 

Loss 2 . dS 

Total 100.00 

4Y.STS ON Primary Distillate 

Gravity 58 2 

Distillation over 160° F. 

10 % 215 

20 ^ 0 . 2d2 

30% 217 

40 260 

50 ‘j, 276 

60 % . . ... 20() 

70% 315 

80% did 

90% 402 

95 % 450 

Dry point 500 


The primary distillate on fractional distillation yielded: 


Yield 

Per ('ent ('harp:e 

Per (Y'nt (Tude 

Gasoline 

82.00 

21.48 

Kerosene 

15 00 

3. 03 

Loss 

3.00 

0.78 


Total 

100 00 

26. 10 



Five per cent by weight of aluminum chloride was added to the 
primary residual oil and the mixture brought to boiling. Distillation 
was continued for forty-eight hours, the temperature of the vapor 
line at the point of exit into the final condenser being held around 
350® F. 
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Yield 

Per Cent Charge 

Per Centf Crude 

Secondary distillate 

58. 55 

41.67 

Secondary residual oil 

26. 20 

18.71 

Loss (sas and coke) 

15 47 

11.05 

Total 

100 00 

71.43 


Tests on Secondary Distillate 


Clravity (ILiumr) 54.0 

Distilhil ion over 102° F. 

10 % 212 

20% 260 

50 295 

40%. . . 515 

50% 340 

60%. 365 

70'; 3SS 

80%. 414 

90% 450 

95 %. 480 

98 dry point 500 


The s(^coiulary distillate on fractional distillation yielded the 
following products: 


Yield 

Per C(*nt (’harge j 

P(T Cent Crude 

Casoline 

.50 00 

20.84 

Solvent oil 

40 00 

16.67 

Gas oil 

6 00 

2.. 50 


1 00 

1.66 

Total 

100 00 

41.67 
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Following are tho tests on the gasoline and solvent oil; 



Gasoline 

Solvent Oil 

Color . 

W.W. 

W.W. 

Odor 

Sweet 

Sweet 

Bromine No 

2 

3 

Dr. test 

O.K. 

O.K. 

Heat test 

2 

2 

Gravity (Baume) 

58 0 

48.1 

Distillation over 

120° F. 

340° F. 

10 % 

198 

354 

20'.» 

221 

360 

30% 

2-10 

364 

40% . . . 

258 

369 

50 % 

272 

374 

60% 

288 

381 

70% 

.301 

390 

80% . . . 

322 

400 

90% 

348 

416 

95 dry point 

362 

430 

98 dry point 

J 

440 


Color. 
Gravity 
Flash . , 
Fire, . 
Pour . . 


Tkhts on Skoondahy 1L:sidual Oil 

... . . R(‘(l, f^roen bloom 

Sf) 5 

mr F. 

300 

... ... . 00° F. 


This residual oil was distilled until 30 pi^r cent of th(j charge had 
been distilled over. 


Yiftkl 


Gas oil 

Paraffin residual oil 


Per Gent Charge 


30 00 
70 00 


Per (Vnt (Vude 


5.61 

13.10 


Total 


100 00 


18 71 


Tests on Paraffin Residual Oil 

Color 

Pour 

Flash 

Fire 


Amber 
105° F 
375 
420 



CIIEMK^AL Ml^rrHODS OF CIUCKING OILS 


407 


Summary of Yield of Products From Caddo (Louisiana) Crude Oil 
BY TUE Aluminum Chloride Process * 


Primary gasoline 

vSceondary gasoline 

vSccondary solvent oil . 

Primary kero.sene. 

( lius oil 


Pei Cent Crude 
21.48 
. .. 20.84 

. . It) 07 

3 ‘)3 

8.11 

Paraffin residual oil 


... 13 10 

Total 


84 13 

Loss aeeoimt. aluminum chloride distillation 

12 71 

Loss account working distillates into standard products. 

3 10 

'total 


100 00 

Till' following table compares tlu^ yiidd of prodinds from Caddo 

crude by the aluminum chloride proci'ss and th(' yiidd of ])i‘oducls as 

obtained in usual practice': 




Per G('nt Grude 

Per Gi'iit ('rude 


Proci'ss 

I'sual Process 

Gasoline . ... 

42 :V2 

18 00 

Solvent oil 

It) ()7 

12 00 

Kerosenes 

3 93 

35 00 

Gas oil 

S 11 

21 00 

Paratlin residual oil 

13 10 

11 00 


— 

■ — 

'total 

84 13 

97 00 

Tioss . . . 

15.87 

3 00 

Total 

100 00 

100 00 


This oriido liulongs to the same type as Pemisylvaniu crude — the 
typi' known ns paniffin base crude. Their products are clean smelling 
and n'puire but little acid in r(‘finin^. But even this tyjx' of crude is 
considi'rably improved by the aliiminuin chloridi* proci'ss, while at the 
same time the yield of gasoline is greatly increased. The paraffin 
residual oil from Caddo crude is black and tarry on account of the 
firesence of asphaltic constituents, but these an^ not usually present 
in large enough amounts to prevent the manufacture of good paraffin 
and paraffin lubricating oil. The distillation with aluminum chloride 
destroys thi' asphaltic constituents, giving an amber colored residual 
oil which may be easily worked into a product, commercially known 
as vaseline, or into paraffin and paraffin lubricating oils. At the same 
time the yield of gasoline from the crude is increased from 18 per cent 
to 42.32 per cent. 
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An Oklahoma crudo of 34 gravity was distilled to free it from 
moisture and natural gasoline. 


Yield 

Primary distiilato 

Primary I’osidual oil 

Loss 

Total 


Per Cent Crude 

20.83 

78 31 

_0^S(3 

mod 


Tests on Primary DistiujAte 

Gravity (Ran me) 54. 1 

C\>lor W.W. 

Distillation over 152° F. 

10 210 


20 % 

30% . 

40 '', 

TiO 

00 % 

70', 

80 ';, 

no 

95 dry print 


.. 226 
. 242 
252 
. . 271 
. 290 
. . 313 
345 
. 40S 
. 455 


This primary distillate on fractional distillation yieldial the fol- 
lowing: 


Yield 



P('r Cent Crude 


(rusoline .. 
K(*rosene 
Gas oil 

I/OSS . , . 

Total . 


Tests on Pi 


Color Hlaek 

Gravity (Baume) 29 8 

Flash ' 170 

Fire 205 

Pour 20 


70 00 

14.58 

20 00 

1 17 

7.50 

1 56 

2 .50 

0 52 

100 00 

20 s:i 


ARY Uesidu.vl Oil 


Distillation over 330° F. 

10', 436 

20''; 481 

30',, 513 

40 '/, . m 

Below 600° F 43 % 


To the primary residual oil was added 5 per cent by weight of 
aluminum chloride. Distillation was then continued for a period of 
forty-eight hours, the temperature of the vapor line at the point of 
exit into the final condenser being held around 350° F. 
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Per Cent Charge 

Per Ceift ("rude 

Secondary distillate 

04.01 

50.00 

Secondary residual oil 

17.07 

14 07 


17 42 

13.01 

Total 

100.00 

78 31 


Tests on Secondary Distillate 

Gnivity (B.tuiuc).... 

DislilUitioii over 

10% 

20% 

ao ' 

• 10 ' 

50' 

00 ' 

70' 

SO' 

00 'c.. 

95';, 

08 ',, dry jxiint 



. 4S 3 
. 140° F. 
. 225 
270 
204 
320 
. 35S 
. 382 
413 
154 
503 
. 517 
. 570 


On fnictioiKil distilhition this secondary distillates yielded the 
following': 



Per C"ent (Jharge 

T\t ('ent Crude 

Gasoline 

40 (K) 

20 21 

Kerosene 

50.00 

25 30 

Gas oil 

7.50 

3.80 


2 50 

1 20 

Total 

100. (K) 

50. 00 


Tests on Gasoline 


Color 

W.W. 

Distillation over . . . 

11^0° F. 

Gravity 

Odor. 

Sweet 

10 ‘ 

100 

83.8 

Bromine No 

1.5 

20',;. 

180 

70 2 

Dr. test 

O.K. 

. 30';, 

200 

70.1 

,11 eat test 

2 

40% 

213 

00.0 

Sulphur 

.027 

50 ' 

222 

02.8 

Gravity (Baume) 

64.5 

00 ' ; 

238 

00.4 



70 '7 

252 

58.5 



80 ! 

270 

50.1 



00 % 1 

200 

53.3 



Residue 

8.3% 

48.2 





_ .. _ 

— 
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Tests on Secondary Residual Oil 

Color Red, green bloom. 

Gravity (Baunic) 28.2 

Pour 90'^ F. 

Flash 230° F. 

This soconchiiy residual oil was distilled to produce wax stock 
and cylinder oil. 


Yield 

Per Cent Charge 

Per CYnt Crude 

Wax stock 

00 00 

8.44 

Cylinder oil 

40.00 

5.03 

Total 

100.00 

14.07 


Summary of Yield of Products From Oklahoma Crude by the 
Aluminum Chloride Process 

Per Cent ('rude 


Primary gjusoline 1 1 58 

Secondary gasolim* . . 20 24 

Primary kerosene ... . 4.17 

Secondary kero.sene 25 30 

Gtis oil 5 3(> 

Residual oil 14 07 


4'otal 83 72 

Loss account aluminum chloride distillation 13 04 

Loss account working dLstillate into standard jiroducts . ... 2.04 

Total 100.00 


The followinjr table compares the yield of products from Oklahoma 
crude by the aluminum chloride process and the yield of products as 
obtained in usual practice: 



Per C'ent Crude 
Aluminum Chloride 
Process 

Per Cent Crude 
Usual Process 

Gasoline 

34 82 

12.50 

Kerosenes 

29.47 

41.00 

Gas oil 

r).:i6 

35.00 

Residual oil 

14.07 

9.00 


83.72 

97.50 

Loss 

i 16.28 

2.50 

Total 

100.00 

100.00 
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The I’esidual oil from this crude by (he usual process is a black, 
tarry mass, containing a large amount of asphaltic constituents and 
also paraffin. The amount of asphaltic constituents is so great, as a 
rule, that it is difficult to make paraffin and paraffin lubricating oils 
of the same grade as that obtained from Pennsylvania or Caddo resid- 
uums. By the aluminum chloride process this residual oil is cleaned 
of its asphaltic constituents, and paraffin wax and paraffin lubricating 
oils of excellent quality aie made th(‘refrom. At the same time, the 
yield of gasoline from the crude is greatly increased, at the exjx'iise of 
the less valuable fractions of the crude. 

Although the crude jK'troleums from tlu‘ various oil producing 
districts in this country differ greatly in (piality and in chemical com- 
position, yet they an^ gcaierally divided into three types: Asphaltic- 
base crud(', i)araffin-bas(i crude, and paraffin-asphal tic-base crude. 
The oils nuaitioned are re[)resentative of <‘ach of tlu'se types: Texas, 
asphaltic-bas(‘ crude, Caddo, paraffin-base crude, and Oklahoma, 
paraffin-asphalt ic-base crudes. 

All the good results of this process would be of no commercial value 
if the aluminum chloride could not be n'claimed. This chemical when 
made on the ton scale is not so expensive' as it is when made on the 
pound scale, but nevei'theless its cost is high, and from a dollars and 
cents point of view, it is necessary to recover it. After a time', forty- 
eight hours or longer, aluminum chloride' used in elistilling e)ils, even 
the driest of e)ils, loses its e*atalytic activity and be'e'ome'S converted into 
a coky mass. Analysis e)f the coky mass shows e‘hle)rine and aluminum 
present in the right proportions to fe)rm aluminum chle)ride, but the 
hit ter is, so to speak, masked. It doe's not dis|)lay its e)rdinary reaction 
with petrole'um hydrocarbons. The granular coky iTsielue, after it 
comes frejin the^ oil converting pre)ce'ss, carries varying amounts e)f oils 
with it. If alloweel to cool elown in the pre'se'nce' e)f the iiody of oil, 
it may carry 40 tei 50 per ce*nt of its weight e)f e)il. If the e)il ])ody has 
bee'll se'parated while hot fre)m the ce)ky rc'sielue', the amount of oil will 
be reeluceel to 4 or 5 i)er cent. 

After removing the oil, or the bulk of it, from the e*oky resielue, 
the aluminum chloride can be extracte'el from the latter with water or 
steam to obtain a concentrateel solution e)f hyelrated aluminum chlemde. 
Aluminum chle)ride in the hyelfated state deje's not have the catalytic 
pVoperty of the anhydrous material; but the hyelrated salt can be 
flsed as the raw material for making the anhydrous salt. To do this, 
advantage is taken of the property of hyelrated aluminum chloride 
breaking up when moderately heated to form aluminum oxide anel 
hydrochloric acid gas. The alumina, when mixed with carbon and 
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treated with hydrochloric acid vapors at a high temperature, reacts to 
form the anhydrous cliloride, hydrogen and oxides of carbon. In util- 
izing this property, one portion of the hydrated chloride is heated to 
produce hydrochloric acid vapors and alumina, and these vapors on 
drying enter a further charge of alumina and carbon heated to redness. 
The hydrochloric acid vapors given off at a moderate temperature are 
thus utilized in further operations at high temperatures. 

In another method of recovery, and the pref(‘rred one, the coky resi- 
due is heated to red heat in an atmosphere of chlorine which discaigages 
the aluminum chloride from the carbon. Aluminum chloride volji- 
tilizes normally at a temperature around 365° F. but the coky residue 
may be heated to redness without much evolution of these vapors. 
If the heating is done in an atmosphere of chlorine, the aluminum 
chloride is unlocked, so to speak, and vaporizes away from the carbon, 
and is condensed in suitable receivers. 

McAfee ^ stat(‘s that he obtains a substantially complete catalytic 
conversion of higher boiling petroleum oils into lower boiling oils and 
in particular converts high boiling oils, distillate's and residua into 
gasoline solvents and kerosene, or into gasoline alone by heating 
the high-boiling oil in a slow and regular manner in the presence of 
aluminum, while a current of chlorine or chlorine in combination such 
as hydrochloric acid gas is introduced into the oil, the low-boiling 
products of the reaction, and th(‘ hydrochloi'ic acid produced b(‘ing 
removed continually during th(‘ progix'ss of the reaction and the 
volume of the oil being kept constant by the addition of fresh oil 
from time to time. 

It has b(‘(‘n found that by taking any liigh boiling petroleum oil, 
whether a crude oil, a distillate, or a residuum, suspending in it finely 
powch'n'd aluminum, heating to a n'latively mod(‘rate temperature, 
and introducing chloilne, the complex hydrocarbon molecuhvs can be 
broken down into simpler molecules of the order of those' found in' 
gasoline, solvent oils and kerose'ne; by this rnedhod, a conversion of 
high-boiling oils into low-boiling oils takes place without a wasti'ful pro- 
duction of low-grade by-prodiuds. By regulating the conditions, the 
higher 'boiling oils can be converted into gasoline alone, llie amount 
of metal necessary is quite small. Most of the chlorine introduced 
reappears as hydrochloric acid gas, which may be condensed and 
utilized. In this reaction the low-boiling oils produced appear to b^ 
of saturated nature and are therefore of high grade. They do nof 
contain any chlorine. The best metal that has been found for the 
purpose is aluminum. Hydrochloric acid may be used instead of 
I U. S. Patent 1,235,523, July 31, 1917. 
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chlorine; in fact, in certain cases its use seems to be iiiore^ advan- 
tageous than chlorine. The use of both is often convenient, since as 
the chlorine led into one apparatus reappears as hydrochloric acid, 
this acid may be used in another apparatus operating in parallel. 
Generally somewhat higher temperatures are advantageous, it is stated, 
in working with hydrochloric acid. 

Aluminum in the form of ‘‘ aluminum bronze ” powder is particu- 
larly suitable as it is line, light and readily distributed through the oil 
and presents enough surface to enable stirring apparatus to keep it in 
a states of uniform suspension. Either aluminum containing a little 
zinc or pure aluminum may be used. Where pure aluminum is avail- 
able, it is sometimes a convenient expedient to grind up filings of it 
with coke, as this gives a large surface to the aluminum. Aluminum 
amalgam is particailarly active. Instead of metallic aluminum, dry 
but reactive forms of alumina may be used, such as the dry, but 
unignited hydrate. This is said to be particularly true where hydro- 
chloric acid is used. 

The op(‘ration is carricnl out continuously in order to keep the oil 
in the apparatus of constant composition and at a constant temperature. 
The body of hot or boiling licpiid oil in a stdl contains the powdered 
aluminum whi(;h is kept in suspension by vigorous agitation. Chlorine 
is led into contact with the oil. From the hot oil under treatment, the 
vapors of the low boiling products arc withdrawn as fast as produced 
and arc continuously drawn off and combaised. This is to remove the 
low boiling bodi('S from the intluence of the catalytic o]ieration. 

The high boiling oils contain many constituents and while these 
do not all react with the same (‘ase, or the same speed, yet under the 
described conditions any difficultly reacting body is simply retained in 
the still until it is converted and removed. 

Tlic iiriio factor is important. The body of oil should 1)0 relatively large in com- 
parison with the amount fed m and the amount distilled off in the unit of time, 
'this insures am})le time for the treatment of refractory constituents of the oil 
In continuous distillation where the volume of oil in the still is maintained con- 
stant by the influx of hot, fresh oil, refractory portions of the oil may remain in 
the still under the influence of the catalv.st for two or three days. The temperature 
to be iiiiiintamed in the oil should be as uniform as possible, but the particular 
degree will depend somewhat upon .the oil being treated With high-boiling oil, 
such as gas oil, lubricating oil, still-bottoms, etc , normally boiling at or above 
(>00'’ F , the avi'rage temperature during operation is very advantageously around 
^00° F. With such oils 000° F. may be stated as an extreme temperature, and 
around 500° F. as the best temperature. At 500° F. there is little or no danger of 
the ordinary type of cracking distillation taking place while with most of these 
oils, under the conditions of the above operation, there will be lively ebullition and 
distillation. The gasoline, solvent oils and kerosene formed vaporize freely from 
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the heavy oil around r)00° F. The catalytic action on the extremely high boiling 
oils at teiniioratures below 5{X)° F. is slow. At temperatures above 600° F. there is 
liable to be too much evolution of vapor, while there is also danger of cracking 
distillation taking place simultaneously with the catalytic action. Prior to allow- 
ing the vapors produced to go to the condensers, there should be an opportunity 
for condensation and return of heavy boiling vapors, by means of reflux condensers. 
(See A and B, Fig. 1(12.) As a ruk; the temperature of the vapors at the point of 
exit from the reflux condensers (see C, Fig. 162) should not exceed 350° F. d’he 
chlorine or hydrochloric acid gas is fed into the still by a duct, as for example D, 



Fig. 162. — Diagram of McAfec's apparatus for treating oils with metallic alu- 
minum and chlorine or hydrochloric acid. 


Fig. 162. The process is stated to be applicable to any petroleum oil distillate 
or residuum- It enables a good utilization of gas oil, fuel oil and spindle oil. 
Kerosene may be converted by this method into ga.soline. The jiroportion of the 
aluminum necessary is not large and it appears to maintain its activity for a con- 
siderable length of time, that is from two to three days of continuous distillation. 
For most oils less than one per cent of powdered aluminum (reckoned upon the 
amount of oil temporary in the still) i.s an efficient amount. Tow'ard the end of 
the activity of a charge, the aluminous material is contained in a coky, granular 
mass. 

It is stated that gas oils and similar oils have been converted into gasoline 
with about an eighty-hve per cent conversion. About ten per c(‘nt of the oil is 
converted into gas, and the residue forms granules of coky carbon. As to the 
mechanism of the reactions occurring in the stills, it may be that some of the 
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catalytic action is due to the direct production of aluminum chloride in the body 
of oil, or it may be that the action of the aluminum on the oil in this operation is 
direct. It may be said, however, tliat the aluminum appears to exercise more 
catalytic activity in this process than would result from the corresponding amount 
of aluminum chloride. > ' 

M(^Afec‘ notes that among commercial petroleum products those which con- 
tain any considerable amount of unsaturated hydrocarbons arc of lower grade of 
value than those which are free, or relatively free, of unsaturated hydrocarbons. 
A lubricating oil containing any substantial amount of unsaturated oils is ajjt to 
be dark colored, or to become so on standing; it is also prone to absorb oxygen 
from the air with discoloration, gumming, etc. In u.se on a hot bearing these 
difliculties are of course accentuated. Similar <lilficulties obtain in the case of 
gasoline, kiaosene, j)arafrm wax and other petroleum oils and products. On 
heating a high-boihng petroleum oil, such as lubricating oil, a gas oil or solar oil, 
kerosene, etc; , with aluminum chloride the latter, under proper comhtions, will 
convert, the whole of such high boiling oil into lower boiling oils of the nature of 
gasoline, with from about tiai to fifteen per cent loss as gas and coke. All the 
distillation products of such an action will be found to be of saturated nature re- 
gardless of the composition in this respect, of the original high-boiling oil treated. 

It. is slat 0(1, luoroovc'r, that by tivtitirig a high boiling liighly un- 
saturati'd oil with aliiininniii chloride ;it a relativ('ly low t(‘nip(‘ralnro, 
a saturation of the unsat uratod constituents is produced without, the 
production of lowin’ boiling oils. The teinperatun's nect'sstiry for this 
jiclion tire around 150'’ F. This warining-up tiTatinent with anhydrous 
alinninuin chloride intiy be appliial to the improvinnent of tiny petroleum 
product, (itisoline tmd kcTosinu* so treated have Ixdter burning quali- 
ties tind bettc'i’ color; and the*, color doi's not again darken by exposure 
to tiir and light. 

In saturating petroleum materials by this method, the oil is mixed 
with a smtdl amount, about 2 to 5 per cent, of tinhydrous aluminum 
chloride and vigorously agitated at a moderate tinnperature, in the 
neighborhood of 150° F. until the saturating action has piogressed to 
•the desired ('xtent. The extent of the saturating action is measured 
by its iodine absorption value. To obtain the sanu' amount of satu- 
ration rc'quin's a long(3r time with a heavy oil of the character of lubri- 
cating oil than with a lighter oil like keros(‘ne or gasoline. The oil 
should be dry before admixture with the aluminum chloride and it is 
desirable', to free it of sulphur compounds. Both moisture and sulphur 
compounds cause a waste of aluminum chloride, and in their presence 
undesired sid(^ redactions may occur. Vigorous ngitation is ne'cessary, 
because' the aluminum chloride tends to settle out. The activity of 
the aluminum chloride gradually diminishes during the course of the 

* Unitod States Patent 1,277,320. Aur. 27, 1018; sec also United States 
Patents 1,277,328 and 1,277,002, Aug. 27, lOlS. 
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reaction, however, after having*; lost some (lo»;r('e of its activity in this 
way, it is still sufficiently active to be used in the production of gasoline 
from gas oil, keroscaie, etc., at higher temperatures. The catalytic 
saturating action is more rapid at first when the proportion of un- 
saturated hydrocarbons is high than it is after a time when th(' percent- 
age of the unsaturated bodies becomes very small. For improving 
a lubricating oil in this manner a treatment of from two to four hours 
is all that is necessary. For attaining the same object in the case of 
kerosene and gasoline the time required is less. The oil treated may 
be that coming from any cruder oil whether paraffin base, asphalt bas(‘ 
or naphthenic in character. 

After the completion of the aluminum chloride treatment of oils containing 
any considerable amount of unsaturated hydrocarbons, the* resulting oil should 
be further purified. Most of the aluminum chlori<lc. but not all, will settle out as 
a sludge upon cooling the mi.xture and that which nanains in suspiaision and in 
solution must be removTd. 'fhe oil at this stage is not decolorized, bul on the 
other hand is usually blackish or reddish in color from the presence of dissolved 
and suspended aluminum chloride compounds. The oil is then treated with 
sulphuric acid. One or two per cent by volume of the strong acid will suffice. 
After the acid treatment, am])le time should be allowi'd for setting and deposit- 
ing the compounds formed by the acid. This is followed by washing with caustic 
and water in the usual manner.^ 

Gray ^ also list's tiliimimim chloride. One form of bis apparatus is 
shown in Fig. 1613. A is the still. B is a shaft rotated by pulley C and 
gear D. The shaft B carries stirring blade's, EK\ the lower blades E' 
carrying depending chains F. G are sjilash plates attached to the shell 
of the still. II is a manhole and / a discharge opening tit the bottom. 
J is the vapor exhaust pipe and K is an inlet pipe for oil and chemicals. 
The pipe J leads to a chamber N from which a vapor pipe 0 leads to 
the cond('nscr. The chamber N represents diagram matically one or 
more cooling chambers. 

For example, 100 parts of petroleum distillatii freed from naphtha 
products (such as gas oil made from a paraffin or semiparaffin or semi- 
asphalt crude oil) are taken and to it. is added five parts of anhydrous 
aluminum chloride. The mixture is then heated to a temperature 

^ For the manufacture of aluminum chloride and recovery of aluminum chlo- 
ride residue.s see Mc.Afee, U. S. Patent 1,099,000, June 2, 1914; U. S. Patent 
1,202,081, Oct. 24, 1916; U. S Patent 1,200,874, Dee 5, 1910; U. S. Patent 
1,217,471, Feb. 27, 1917. See also McAfee; J. S. (k I. 1910, 1130 and 298; British 
Patents 22,243 and 22,244, Nov. 9, 1914, 22,924, Nov. 23, 1914. 

2 J. S. C. I. 1914, 1044; U. S. Patents 1,193,510, and 1,193,541, Aug. 8, 1916; 
British Patents 17,838 and 17,839, Aug. 5, 1913. 
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above the end boiling point of naphtha. So long as the hydrocarbons 
in the still arc not heated to produce a vapor temperature above the 
end boiling point of naphtha — about 400° F. — the vapors driven off 
will contain little or no illuminating oil, or hydrocarbons of higher 


boiling point than naphtha; 
hut, when the temp(Tature 
is incrcas(Kl above that 
point, illuminating oil will 
be driven off, and this will 
b (5 condens(Hl in the cooling 
chambt'r, oi‘ chambers, in- 
dicated by N, so that only 
naphtha or gasoline will 
l)ass to the condensing 
chamber. If it is desiix'd 
to convert all the oil into 
naphtha, th(i illuminating 
oil collect(Hl m the chamber 
is returned to the still 
by the pii)e d/, wh(‘re it is 
again a(‘t('d on by the 
aluminum chloride and 
h(‘at. The higher tlu'. t(‘m- 



Fig. 163. — dray’s appi^nitus for treating oils 
with aluiiuiiurn chloride. 


pc‘ratur(^ ('m])loy(‘d abov(^ the end boiling point ol naphtha, the larger 


will be th(‘ p(‘rc(‘ntag(‘ yi(‘ld of illuminating oil and the smaller will be 


the percentages yiedd of naphtha. 


If a ((‘injieral lire much higluT than the end boiling ])omt of illiiiiiinating oil 
be employed in the still, the catalytic agent will b(* driven off, resulting not only 
in the loss of that agent, but also in clogging the ])ipcs I he still is jirovided 
.with slirring apjiaratus such as the blades PJ, F' and the chains /', to keep the 
aluminum chloride m suspension and in intimate contact. ^Mth tlie oil and to pre- 
vent overheating it. I’desh cliargi'S of oil are added from time to time through 
the inlet K to avoid distilling the eonti'iits to dryness and to obtain the advantage 
of the reiieated use of the eatalyzer, the oftieieney of w hi eh appears to persist 
for a eonsiderable time. If the charge wen' distilled to drvness, the catalytic 
agent would be lost, coke would be formed and cleaning the still after each charge 
would be reipiired. 

If desirable, additional aluminum eliloride may be added from time to time as 
iV(piircd. The use of a largi'r jiereentage than that nami'd in the above example 
10 parts to too ])arts of oil, for example — causes the desired reactions to take 
place much more rapidly. The process above described may also be yiraetieed 
with illuminating oil or lubricating oil as starting materials. It may also be 
practiced with crude oils as the starting material, but it is less advantageous to USQ 
crude oil because of its contained impurities. 




418 


MOTOR FUELS 


There is a demand, acconJing to McAfeed for gasoline distilling 
within a narrower temperature range than that of ordinaiy gasoline, 
which as it now occurs on the market may begin to distill at 120° F. 
(49° C.) and have an end point of 350° F. (176° C.). To convert 
material of this nature into a more unifojm produ(;t possessing a lower 
boiling range it is distilled in aluminum chloiide, the still being pro- 
vided with a leflux condenser: the latter is maintained at a definite 
tem))erature, namely that corresponding to the end point of the gasoline 
which is desired, for example say 200° F. (93.5° ( \). By retui ning to t he 
still all products boiling higher than the temperature of the rellux 
condenser the naphtha which distills over, and which is formed by the 
breaking down of the lieaviei* portions of the gasoline*, possesses a com- 
parative'ly narrow boiling range and one which is considerably lower 
than that of the oiiginal material. 

This treatment may be applied to the light distillate ” from pres- 
sure stills or to the naphtha obtained by re-running the light distillate. 

McAfee emi)hasizes the fact that if it is (le.sired merely to convert unsat urated 
naphtha into a more saturated product, that this may be accomplished fiy simply 
warming naiihtha with aluminum chloride at a temperature of about 120° F. (40° (^) 
to 1.50° F. (65.5° C.), stirring vigorously and discontinuing the operation when the 
desired degree of saturation is obtained (as indicated by the iodine test). 

Recently ^ McAfee combines the application of the aluminum chlo- 
ride process with the action of an ordinary pressure still in such a way 
that the yield of light naphtha from the latter is said to be materially 
increased. For example a charge of gas oil and aluminum chloride 
in a suitable still is brought to the boiling point. Another charge of 
gas oil is contained in an ordinary cracking still which is operating under 
pressure and the vapors from this (tracking ofXiration will l(*ad directly 
into the boiling mass of oil and aluminum chloride. The still c()ntain- 
ing the aluminum chloride is provided with a reflux condenser main- 
tained at a temi>ei’ature which will insure that vapors i)assing through 
it possess a sufficiently low boiling range, for example 350° F. (176° C.). 
McAfee states that by this comliination of prossuie still ojicijiting 
in series with body of oil containing aluminum chloi’ide that a much 
larger amount of gasoline vapor is delivei’cd to the final condenser in 
a given time. Part of this gasoline comes from the transforming 
action of the chloride upon the gas oil in the aluminum chloride still; 
part comes from the vapors fed in from the pressure cracking still; 
but according to McAfee, it is all uniform, clean, good quality saturated 
gasoline. 

1 IT. S. Patent 1,. 326, 072, Dec. 2.3, 1919. 

* U. S. Patent 1,.326,073, Dec. 2.3, 1919. 
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McCarty ^ treats petroleum oils having boiling points higher than 
gasoline with an aqueous solution of aluminum sulphate or alum and 
(hen agitates the oil with steam under 150 pounds pressure. Five 
[)er cent of water containing five per cent of aluminum sulphate or 
alum is addiH to the oil. The receptacle is then hermetically sealed and 
superheated steam under a pressure of about 150 pounds per square 
inch is introduced for a period of from fifteen to thirty minutes. The 
steam is shut off and the water contained in the oil is allowed to settle 
and is drawn off. The alum acts as a refining agent, to drag down tarry 
matter and oth(‘r impuriti(^s in the oil, which are removed from the oil 
when the water is withdrawn. After withdrawal of the water, steam is 
again introduced into the oil under a pressure of 150 pounds per s(piare 
inch until the temperature is raised to 250° to 300° C.° (257° -572° F.). 
The treated oil then pass'^s through a superheating coil maintained at a 
temj)erature of 400° ( \ (752° F.). It is intimately mixed with hydrogen 
Jn the proportions of on('. part by weight of hydrogen to 500 parts l)y 
weight of the vaporized oil. The proportion of hydrogen used should 
1)0 in exe(‘ss of the amount necessary to saturate th(^ unsaturated mole- 
cules. The mixture is then passed into and through a cracking tube 
which is maintained at a constant temperature of 600° C., and in this 
cracking tube th(‘- mixture is subjected to the action of nickel. The 
pressure in the (a’acking tube or retort is maintained at about fifty 
pounds p('r S(iuar(‘ inch. Under these conditions the petroleum mat ('rial 
undc'r trc'atment is decomposc'd with the production of gasoline, bc'nzol 
and toluol and, it is eJaimed, a minimum production of gas, carbon 
and tarry matters. 


The products of decomposition are j)assed from the cracking tube into a con- 
denser where the condensable hy- 
drocarl)ons arc separated, and the 
' Ml^^seous ])ortion of the decomposi- 
tion yiroduets is collected in a ^as 
holder. The cracking tube contains 
an axially located rod to which a 
number of scrapers are attached, as 
shown in Fig. Ibf), in vertical sec- 
tion and Fig. KH in horizontal 
solution . I loth the rod and at taclied 
^scra])ers have nickel surfaces or are 
made of nickel entirely, 'the rod 
* has both a longitudinal and rotaf orv 
motion. The catalytic body, there- 




Figs. 164 and 16.5. — Cracking tube with 
scraj)ers, devised by McCarty. 


fore, acts also as a scraper and removes carbon from the vails of the tube. 


^ J. S. C. 1. 1918, 617A; U. S. Patents 1,274,912 and 1,274,913, Aug. 6, 1918. 
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The Continental Caoutchouc and Gutta Percha Company ^ break up 
heavy oils, without the use of pressure, by means of aluminum orjj:ano- 
mctallic compounds. No free aluminum chloride is used, that is, the 
organo-metallic oily compound is prepared before using it in the crack- 
ing operation.^ 

It is stated that the oily reaction products described by Gustavson 
and obtained from halogen compounds of aluminum and hydrocarbons 
or halogen alkyls and which are called hydrocarbon halog(‘n alumi- 
num’’ are capable alone, without free aluminum halogenide, without any 
“ hydrocarbon” and without any halogen alkyl, of splitting up mineral 
oil (paraffin) and its fractions after the manner of a ferment and in a 
continuous catalytic process, while they themselves suffer scarcely any 
change during the reaction. By means of small quantities of these 
oils, mineral oils can, it is stated, lie converted into benzin(‘-lik(‘ sub- 
stances both at ordinary as well as increas(‘d pr(‘ssur(' and ('viai under 

^ J. S. C. I. 1915, S2G; British Patent 7112, Mar. 20, 1914; Int (\)nv. Miir. 22. 
1913. 

2 The following review of previous work in this direction is given as leading up 
to the use of the oily organo-iuetallic compounds for oil cracking 

“ Friedel and Crafts showed that aluminum chloride is cajiable of splitting 
up paraffin hydrocarbons and they obtained, in the presence of aluminum chlo- 
ride, metallic oxides and air, a mixture of gases, oils and firodiicts containing 
paraffins (Engler and v. Hofer, ‘ Das Erdol,' 1 '(1912), p 5()3). According to 
Lothar Meyer and Kohnlein, paraffins can also be obtained from the corresjiond- 
ing alkyl iodides by means of aluminum chloride (Her. 18S3 (!(>), 5(11) The re- 
action however was in particular investigated by Gustavson. 4’his inv(\stigator 
allowed hydrogen bromide and aluminum bromide to act iijion alkyl halogenides, 
ethylene and paraffin compounds, and he found that under certain exi)erimental 
conditions the aluminum bromide becomes converted into a thick oil which is 
not decomposed by water into the raw' mati'nals and is known as the so-called 
hydrocarbon aluminum bromide (Meyer- Jocobson, Lehrb. d. organ Chem I, 
[i] (1907), 830). lie also found that gaseous and partially unsaturated products 
were produced. Similar results were obtained by Friedel and Gorgeu, from whose 
work it appears that in Gustav.son’s reaction gaseous constituents and a brown, 
viscous compound were produced from hexane (lustav.son then investigated the 
Friedel and Crafts method of alkylation, with the view of determining the nature 
of the intermediate products (Centralbl 1903, 1, 1333 and 1379). He found as a 
result that the complex intermediate products were capable of exerting an inter- 
esting ‘ ferment action ’ w'ith aromatic compounds. Accordingly there is formed 
from aluminum chloride, ethyl chloride and benzene for e.xample, a product for the 
composition for which he assumes the following formula 

[AbCIoCsH,,] [OCoHe] 

and in which only the left-hand component is stable, while the one on the right 
hand can be split off and alkylated wuth the separation of hydrochloric acid, so 
that the left-hand component is capable of reacting again in analogy with the 
amorphous ferments.” 
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reduced pressure and at relatively low temperatures, the boiling tem- 
perature being in no case exc(‘edcd. • 

The action of the aluminum oils which are obtainable according 
to Gustavson's methods from saturated or unsaturated hydrocarbons, 
or alkyl chlorides, takes place, it is noted, without difficulty. The oil 
may be supplied to the process in a finely ilivided solid form by allowing 
it to be absorbed by porous or similar compositions with large surface 
attraction. 

Example 

1. In a still arc lieated 1000 parts of mineral oil (such as high boiling petro- 
leum for example), with 50 parts of “ hydrocarbon, olnminiini chloruk ” and the 
mixture raised to boiling so that the light oils formed distill otT continuously at 
about: 110"' C. (230T.). 'the higher boiling portion flows back and is gradually 
completely decomposed. From time to time small (piantities of fresh catalyst 
are added in order to revivify the process. The benzine obtained contains traces 
of hydrochloric acid, which can be rcanoved by means of lime In proportion as 
the light oil ])asses over the heavy oil is allowed to flow^ m The process can be 
cari'K'd out under reduced pn'ssure at about 130 millimeters 

A compound of aluminum chloride and hydrocarbon is also em- 
ployial by R. Koetschau ^ as catalyst in the decomposition of rela- 
tiv(‘ly heavy petroleum hydrocarbons into hydrocarbons of lower 
boiling i)oint. The catalyst may be formed in the oil by reaction 
between aluminum and hydrochloric acid gas, with or without thi^ 
use of nud’ciiric or ferric: chloride*. The catalyst may be mixed di- 
recily wit h the oil to be treatcnl or may be absorbed by kityselguhr 
and us('d in the form of a layer over or through which the vapors of 
thi^ oil undergoing treatment may be passed. [dtraviolet light is 
sugg(‘sted as a nu'ans for increasing the velocity of the action. 

The Continental Caoutchouc and Gutta Percha Company ^ also 
heals a mineral oil fraction of high boiling point with a catalyst such as 
■ aluminum chloride, or with aluminum chloriih* and mercuric, ferric, 
or vanadium chloride, or with aluminum in a stream of dry hydro- 
chloric acid gas; or the oil is atomiz(*d and exposed to ultraviolet rays 
or the silent (dectric. discharge in the pn'Stmce of the catalyst.^ 

1 Ghem. Abs. 1920, 406; U. S. Patent 1,. 325, 299, Dec. 10, 1919. 

2 Ghem. Abs. 1915, 19; French Patent 409,948, Mar. 21, 1914. See also Swed- 
ish Patent 41,840, Jan. 10, 1917. 

. 3 H. Hibbard (Gliem. and Met. Eng. 1919, 339) states that the cracking of 

jietroleiim has been developed to a remarkable extent, but it would seem that 
there is still room for processes involving the use of other contact materials wdiich 
w^ould enable this operation to be carried out at both a lower temperature and 
pressure. Possibly additional research would show the advantage of metallic chlo- 
rides other than aluminium. The reactions of hydrocarbons w'ith sulphur chlorides, 
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It appears that the action of “ nascent '' hydrogen, generated by 
the action of suitable metals on hydrochloric acid may play a part in 
the decomposition of oils by the “ aluminum chloride process/’ It is 
well known also that the action of many anhydrous chlorides on un- 
saturated hydrocarbons gives rise to the production of hydrochloric acid. 
Meigs ^ makes observations to this ctTect in the act ion of sulphur chlo- 
ride on unsaturated hydrocai“bons. It may be that some of the organo- 
aluminum compounds formed from aluminum chlorick' and imsaturatod 
hydrocarbons yield, in the aluminum chloride proc(\ss, metallic alumi- 
num momentarily, which reacts with hydrochloric acid to regenerate 
aluminum chloride and hydrogen.^ If this theory has any truth, it would 
mean that the chlorine acts merely as a carrier of hydrogeai and that 
the aluminum is the activator ” of the hydrogen, that is, causes the 
liberation of energized hydrogen from the hydrochloric acid. That 
hydrogen is transferred from some hydrocarbons to others, in the 
aluminum chloride process for making gasoline, is sugg(\stcd by tin; 
production of coke or bodies with high carljon content. It, may als(j 
bo noted in this connection that th(‘ simultaneous use of chlorine and 
hydrogen is a recent proposal. Tin* actual proven presence of iiK'tallic 
aluminum and hydrochloric acid would, of course, necessitate the 
accompaniment of more or less so called “ nascent ’’ hydrogem. 

E. B. Cobb ^ observes that when gas oil is heated with say not more 
than 10 per cent by weight of aluminum chloride that the latter dis- 
solves in a portion of the gas oil and that the solution thus obtained 
forms a distiiud- layer und(‘rneath the main body of oil treated. It is 
therefore necessary, in order to obtain suitable reaction between tla^ 
two liquid layers, to employ efficient agitation. 

it IS said, would also repay investigation, and the int(Testing exper inents rectailly 
earned out with nitro.syl chloride (.1 .Viner. (dieni 1910, (11), ihiS) are stah'd 
to possess much interest both for the scientist and for the lechineal chemist. 

^ J. Ind. Eng. ('hem. 1917, ()r)r> 

2 When cracking solar oil in the presence of ferric cldonde or aluminum chloride 
A. P. Lidoff (J. H. C. I. 1919, 402 A; Petroleum, 1917, 12, 413 427; ( 'hern. Zentr. 
1919, 90, 11, 290) considers it advantageous to form the anhydrous catalvst during 
the process. For this pui7)ose the od is mixed with iron or aluminum and a current 
of hydrogen chloride gas passed through the mixture. The resulting “ nascent ” 
hydrogen is supposed to promote the formation of saturated compounds. O'he 
process takes from 2 to 3 hours at 250” to 280” C. (482” to 530° F.). In this way 
solar oil treated with iron fis catalyst yielded 65 per cent of distillate of specific 
gravity 0.865, while with aluminum as catalyst the yield was 70 per cent. The 
decomposition products are reported by Lidoff to be saturaled compounds of pleasant 
odor, and to not alter in the air. The highest yield of aromatic compounds is ob- 
tained by cracking at 6(X)” C. (1112” F.) under a pressure of 18 atmospheres. 

3 U. S. Patent 1,322,878, Nov. 25, 1919. 
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Distillation is (jonductcd so that the temperature of the charge under- 
goes a continual increase. For example, a still is charged with 400 
barrels of gas oil and 7 to 10% of aluminum chloiide added. The 
temperature is gradually raised until distillate commences to flow from 
the condenser outlet; and the fires are regulated to give a good flow, 
for exiimple 15 to 20 barrels an hour or thereabouts. Cobb observes 
that if distillation is stopped at a suitable stage it becomes possible to 
rc'cover substantially all the aluminum from the oil residue by washing 
the latter with hot water. If distillation proceeds very much beyond 
this point, it is then advisable to distill to coke and roast the residue to 
convert the aluminum into its oxide. 

A. E. Houlehan ^ makes toluol by treating xylenes (commercial 
xylol) with aluminum chloride, allowing toluol to escape from the 
reaction zone as fast as formed. 

In another process of Houlehan ^ solvent naphtha is treated with 
aluminum chloride and the lower boiling hydrocarbons formed are dis- 
filled off under vacuum as fast as they are generated. 

Danckwardt ^ proposes to generate aluminum chloride and hydrogen 
in contact witli a mass of oil, in order to produce saturated low boiling 
hydrocarbons from high boiling oils. This is accomplished in part by 
the action of aluminum, reduced from its oxide, on hydrochloric acid, 
in the form of gas or vapor. Previously formed aluminum chloride is 
used, in addition to that generated in contact with the oil. Metals 
other than aluminum are also used for generating ‘‘ nascent hydrogen 
in the presence of hydrochloric acid gas and liquid oil, for example, 
zinc, iron, lead, nickel, antimony. 

According to a method proi)osed by A. E. Miller oils which have 
been treated with aluminum chloride and which contain suspended 
or dissolv(Hl aluminum chloride arc air-blown until the lattiu* is con- 
verted into such a form that it readily settles out. According to Miller 
these colloidal suspensions may be destroyed by treatment with a very 
small amount of suli)huric acid. Flocculation or coagulation may also 
be obtained by filtration through fullePs earth, or treatment with 
sulphuric acid may be followed by filtration through fullePs earth. 
Miller also notes that small amounts of alkalies induce flocculation, 
for example ammonia, sodium carbonate, or bicarbonate. However, 
the simplest method is stated to be treatment of the colloidal suspensions 

with moist air. This is accomplished by blowing with naturally humid 

• 

‘ U. S. Patent 1,334,03:!, Mar. Ifi, 1020. 

* TI. S Patent l,:i37,317, Apr. 20, 1020. 

’ U S Patent 1,317,077, Sept. 23, 1019. 

< Chem. Abs. 1019, 2610; U. S. Patent 1,311,987, Aug. 5, 1919. 
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atmospheric air. A more rapid method is blowing atmospheric air 
through hot water and then introducing the humidified air into the oil. 
Miller believes that a still quicker method is to use steam with air, 
introducing it through a small orifice and agitating the oil with the 
stream for a few seconds. 

Charitschkov ^ has studicil the action of aluminum on petroleum 
hydrocarbons. 

Strips of pure aluminium were almost completely immersed in distillates from 
petroleum, solar oil, and benzene, an<I in petroleum s])ent acids for four months 
at the ordinary temperatures. With the exception of that exposed to the action 
of benzene, which had increased in \\ei‘j;ht OOS per cent and become slightly 
spotted, none of the strips, it is statod, were act(‘d upon. Charitsehov suggests 
the lower molecular weight of benzene as the possible explanation of its greater re- 
actixaty. At temperatures of 75® to SO® C (1(>7®-17G® F.), and 100® to 120® C!. (212®- 
218® F.), the strips in the petroleum distillate and crude petroh'um were intact 
after 48 hours, but after heating at 175® to ISO® C. (347®-55r)® F.) for 8S hours under 
a reflux condenser, the aluniimuin in each case had increased in weight in the 
petroleum distillate by O.OK) per cent and in the petroleum by 0 017 per cent. 
From these results Charitschkov considers pure aluminium sujierior to copper and 
e(iual to iron, in its power of resisting the action of iietroleiims It is said to be 
specially suitable for vessels, such as cooling tanks, etc., in which the temperature 
of the petroleum does not exceed 120® C. (24S® F.). Obviously the oil must be 
freed from any alkali, w-hich, if pre.sent. would increase the solvent power. 

Tests conducted by Cross ^ with many catalytic bodies including 
aluminum fxitvder, nickel, copi)er, mercury, zinc dust, iron dust, and 
platinized pumice did not, it is observed, afford increased yields of light 
hydrocarbons from hetivier oils. 

B. T. Brooks ^ converts solvent naphtha containing a large percenttige 
of xylenes into toluene and benzene by refluxing the crude materials 
with aluminum chloride, regulating the temperature of the reflux con- 
denser in such a way that toluene and benzime vapors are allowi'd to 
escape as fast as formed while heavier hydrocarbons are returned for 
further treatment. The action of aluminum chloride on the aromatic 
hydrocarbons appears to cease as soon as equilibrium conditions are 
attained, and by destroying this equilibrium by removing the products 
of reaction, namely toluene and benzene, the yields of the latter bodies 
are increased. 

Macnicol ^ uses an apparatus consisting of a retort and a separately 

1 J. S. C. I. 18%, 443. 

2 Petroleum, Asphalt and Natural Ga.s, Bulletin No. 14, Kansas City Testing 
Laboratory, 97. 

3 II. S. Patent 1,321,143, Dee 9, 1919. 

< J. S. C. 1. 1916, 1006; British Patent 10,679, July 22, 1915; Int. Conv. 
July 22, 1914. 
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heated retort extension. The material is heated in the main retort 
along with catalytic agents, such as iron oxide, nickel, etc., and in the 
presence of steam, hydrogen, or water gas. The volatilized oils are 
(hen heated in the extension. Condensers are used, and any part of 
(he system may be subjected to pressure by means of a compressor 
with the necessary valves. 

A novel method of deriving light mineral oils fr<)m heavier oils is 
suggested by H. S. MaximA He heats a mixture of heavy oil with 
finely divided zinc and slightly acidulated water to to 420° C. 
(572°-788° F.) in a closed vessel which is rotated during the operation. 
The vessel is only [)artially filled with th(i litpiid. After the desired 
transformation has been effected the lightei* hydrocarl^ons are separated 
from the residual (hi by distillation. 

The Standard Oil Company ^ distills heavy hydrocaiHons at 050® to 
850° F. (343® “154® C.) under a pressure of 4 atmospheres or more, in 
the presence of extensive catalytic surfaces, which may consist of 
plates immersed in the liquid or of plates arrangeMl in tlie^ vapor space. 
With this arrangement about two-thirds of the charge may be distilled 
off, the residue constituting an asphalt. The c.atalytic surfaces con- 
sist of steel, brass, or copper in the form of plates or gauz's or of minen'al 
fibers such as asbc'stos or glass. 

A process (hat is of interest in its bearing upon tln^ action of organo- 
metallic compounds on petroleum is proposed by MacAlpine ^ in order, 
it appe^ars, to prepare from a criuh^. oil oiu^ which would be fiee from 
bad smelling compounds (possibly also to clarify the oil) rather than to 
produce gasoline. The organo-metallic compound used was a com- 
pound of manganese with acetylene prepared and applied as follows: 

To a solution or emulsion composed of water containing the oxides, 
hydrates or carbonates of calcium, barium, magnesium, sodium, potas- 
|?ium, or ammonium is added a lu'arly saturat('d solution of th(', per- 
manganates or manganates of calcium, barium, magnesium, sodium, 
potassium, or ammonium, and the mixture is treated with acetylene 
gas, which is cither obtained in the ordinary way hy the mutual de- 
composition of water and calcium carbide and pass(‘d into the mixture, 
or is produced directly in the mixture itself by introducing calcium 
carbide into it. For example, a^ solution in water of carbonate of 
sodium or car})onate of potash or a mixture of tlu' two of a sj)ecific 


* W. S. C. I. 1910, 567 A; British Patont 12S,227, Juno 15, 1016. 

^ R. E, Humphreys, (Jioin. Abs. 1916, 1095; British Pa(ont 21,273, Oct 20, 
1911; Norwegian Patont 26,S25, April 3, 1916. Soo also H. F. Hinn])hn(’S, F. S. 
Patont 1,122,003, 1911; Standard Oil Co., British Patont 7511, Oct. 20, 1914. 

U. 8. Patent 655,500, Aug. 7, 1900. 
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gravity of about 1.07 is taken. To this solution a saturated or nearly 
saturated solution in water of permanganate of potash is added, taking 
care not to add an excess. The point at which the addition of per- 
manganate should be stopped can be determined by observing the color 
of the solution or emulsion. If an excess of permanganate is used, the 
color will be purplish red. The addition of the permanganate should 
be stopped as soon as a faint reddish tinge appears in the solution or 
emulsion. When the proper amount of permanganate has been added, 
the mixture is subjected to the action of acetylene gas intermittently 
for some time. The acetylene gas causes a precipitate containing 
manganese to be thrown down, which is then separated by filtration in 
the usual manner. 

This is usually conducted at ordinary room teinj)erature but to accelerate the 
process the temperature of the solutions may be slightly rai.sed, and to ineroaso 
the speed of absorption the acet>l(*ne gas may be introduced into the liquid 
mixture under pres.sure. Having thus prepared the acetylene comjxmnd of manga- 
nese, crude mineral oil is treated with the mangan(‘.se com])ound in the following 
way: To one hundred gallons of oil five jxmnds of the mangane.se compound is 
added and the whole allowed to rest for several hours or davs, with occasional 
agitation, or the mixture may be submitted to continual agitation for several 
hours. The mixture is .settled, and when subsidence has taken jilace the oil is 
removed and distilled. 

With impure petroleum or mineral oils an alkali may be used to assist the ac- 
tion of the manganese, and if such oils are very impure, Hk-u a miiu'ral acid, or- 
dinarily .sulphuric acid, may be used When an alkali is used, tlx' projiortions 
are about as follows: For every ten pounds of the mangane.se conqiound (as .above) 
from four to five pounds of caustic soda or caustic potash are mixed with the oil 
before the addition of the manganese comjiound, and in ca.se acid is used for every 
ten pounds of the mangane.se compound four or five pounds of concentrated sul- 
phuric acid diluted with aliout sc'ven times its weight of water are takiai. The 
acid may be mixed with the oil before the addition of the manganese compound. 

In ease acid is u.sed after the 
action of the mangane.se eoniiiound 
upon the oil a sufficient quantity of 
alkali is added to neutralize an excess 
of acid. The salt thu.s formed and 
the exce.ss of alkali arc removed by 
washing the oil with water, after 
wdiich the oil is distilled either with 
or without filtration or subsidence. 
In the operation of distillation it is 
advantageous to employ a complete 
or partial vacuum. 

Koehler^ passo.s the distil- 
late from an ordinary fire still 
F. (dl6%538°Ck). The retort is 
» U. S. Patent 507,441, Oct. 24, 1893. 



Fig. 106. — Fire still in series with lime- 
packed retort. Method of Koehler. 

through a retort heated to 600° to 1000° 
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packed with lime. It is in the form of an elongatc'd cylinder and is 
somewhat inclined, with its higher end connected to the goose neck of 
the still. A trapped pipe connects the lower end of the retort with 
th(‘ still, in order to reflux oils which condense in the retort. (See Fig. 
166.) The primary object of the process is to assist in desulphurizing 
petroU'um and its distillates. However, the temperature of the retort 
and lime would also cause cracking. 

White ' biings oil, which is preheated, into contact with lime (in 
the form of small pierces or lumps) which is heated in a retort. 550° to 



Fig. 1()7. — Apparatus ]iropos('d by White for use in 
decomposing oil in the jiresiuice of lime. 


575° C. (1022°-1067° F.) is stated to be a very suitable temperature 
The oil or residue may be sprayed or trickled on to th(‘ lime or applied 
to it in a thin sheet or film. 

The oil on coming into contact with the hot lime volatilizes, and the vapors 
of oil thus jiroduced are absorbed into the lime, where it is stated they undergo 
molecular rearrangement, v^ith consecpient ])roduction of a large proportion of 
lower hydrocarbons of lower boiling point and lower (lash point. 

It lias been found that if these vaiKirs of hmer hydrocarbons are allowed to 
remain in the sphere of reaction they undergo further <lecomposition, with the 
production of still lower boiling and (lashing hydrocarbons, most of which are not 
cdndensable at ordinary temperature. 

' (diem. Abs. 191.5, 2.310; J. S. C. I. 101.5, 6.51; British Patent .5134, March 3, 
1914; French Patent 477,771, Feb. 23, 191,5; United States Patent 1,226,041, 
May 15, 1917. 



428 MOTOR FUELS 

In order to obviate tliis, a vaeuiiin iiiimp is attached to the retort or lir 
chamborl 

The vapors from the lime retort or ehairibor are condensed and a liquid thus 
obtained containing a large proportion of hydrocarbons of low boiling point ai 
flash point. With crude paraftin oil, for examide, a liquid containing from 20 
2t5 per cent of hydrocarbon having a boiling point and flash point approximate 
those of giisoline, is claimed to be obtained by the above method. 

The gasoline is removed by distillation and tlie residue again subjected to tl 
action of the heated lime. 

Fig. 167 shows the apiniratus used. 

Herber ^ uses lime as aii adjunct in producing; low boiling; hydrt 
carbons. FIc has devised a horizontal cylindrical still which may I 
continuously rotated during; the pna'ess of distillation, or crackiiq 
and provides means for introducing fresh lime and steam or air into tli 
heated oil. The apparatus is also built to withstand pi’essure in ca^ 
it is desired to crack under pressure. The rotat.ible feature is state 
to lessen the danger incident to the caking of carbonaceous deposit s o 
the inside of the still. 

M. E. Freudenheim - shows the effect of lime in decomposing act 
tone. On passing acetoni' vapor over calcium hydroxide varying i 
temperature from 350° to G30°C^ (602° 11GG° F.) it was found tha 
with increasing temperature the gas mixture resulting showed incrc'aso 
percentage of carbon monoxide, methane and olefins and increase 
rate of evolution but decn^asing percentage of hydrogen. The foi 
mation of methane indicates that acetone is an intermediate })roduc 
in the reaction betwc'en calcium acetate and calcium hydroxide whic’ 
gives calcium carbonate and methane. At 350° (\ (GG2° F.) the gas('ou 
products are almost exclusively methane and hydrogen. No siitit^ 
factory reaction to account for the formation of hydi’ogen is suggested 
Carbon is defwsited on the calcium hydroxide, increasing in amoun 
with rising temperature. 

Day 3 adds sulphur, hydrogen sulphide, or other reducing sulphu 
compound to the mineral oil to j)revent oxidation of the distillate b; 
sulphuric acid subsequently used in refining it and the oil is then sub 
jected to a cracking distillation under [ire.ssure. Hydrogen is mixei 
with the oil vapors produced and the mixed vapors and gas are passec 
through a catalytic mass, e.g., clay, iron, zinc, nickel, cobalt, platinun 
or palladium to furthei’ increase the yield of light oils. It is stated tha 
the addition of sulphur aids in the production of light liydrocarbons 
Ammonia and hydrogen sulpliide are also used, as well as hydrogen 

* U. S. Patent 1,183,467, May 16, 1016. 

2 Chem. Abs. 1018, 1611; J. Phys. Chem. 1018 (22), 184-03. 

8 J. S. C. I. 1917, 541; U. S. Patent 1,221,698, April 3, 1917. 
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In the form of apparatus deseribed, the eoiitact mass is contjpiKHl in 
tubes immersed in the body of hot oil und(T‘»;oing cracking treatment in 
the still. As (examples of oils treated in the above manner, California, 
Texas and Mexican crudes are mentiom'd. 

Brooks and Humphrey ^ state that petroleum oils, whether satu- 
rated, such as natural gasoline, or of the unsaturated type, e.g. 
cracked gasoliiK^, dcderioratc' much more rapidly by oxidation on ex- 
posure to the air than portions of the sanu' oils which have been freed 
from sulphur by treatment with lead or (*opp(‘r oxides or metallic 
sodium. It is possible that oxidation of the sulphur comi)ounds causes 
a simultaneous oxidation of oth(‘r const it luaits. This view is said to 
be supported by the fact that on heating petroleum residues with small 
amounts of sulphur, and shaking tln^ mixtuie with natural gas, the 
product is much more fluid than that obtained by blowing air into the 
mixture. 

^ Asphiilts of except iorial hardness may be made by the combined action of air 
and sulphur. For example, on air-blowm^ a sample of residue from a Mexican 
oil, to whicli (S per cent fif sulphur has b(‘en a.ddinl, for 31 hours at 2‘2()° to 230” (t 
(42S° TK)” F.), the resulting product had a (lowing point of (HOo” F ) and 

a ])cnetration of 7 mm. at 20 ” ( 1 (77” F ). AnotlKU* product made from (he same 
residue, with (ho addition of 12 per cent of sulphur, ha<l a (lowing point of 200” C. 
(392” F.) and a penetration at 25° (t (77° F.) of 5 mm (l(K) grin, weight. No. 2 
needle, 10 secs ). In practic(‘, products as hard as this an' si'ldom n'uuin'd, but 
the addition of 3 to 5 per cent of sulphur has a jironoimced elTect m producing 
liard asjihalts in a much shorter time (eg., (1 hours as against 90 hours) than can 
be obtained by air-blowing residues to which sulphur has not lu'cn added. Hence, 
residues relatively rich in sulphur will Meld hard asphalts m li'ss tune, when blown 
with air, than those poor in sulphur. 

The act ion of sul[)hLir on naphthenes has Ikmui investigated by 

W. Friemann.2 

It has been found tliat fractional distillation in vacuo of the product of the 
action of sul])hur on cyclohexane under pressun* gave a first fraction, considered 
to be cyclohexadiene, giving rn-dinitrobenzenc with a nitrating mixture, a second 
fraction containing thiophenol, considered to be formed from cyclohexene via 
cyclohexadiene, and a residue containing phenvl sulphide A thiocresol was iso- 
lated from the products of the action of sulphur on methylcvclohexane under 
pressure. In thi' case of dimethylcyclohexane (octonajilithane), in addition to the 
formation of hydroxylenes and thioxyh'iiol, xvleni' itself is produced at one stage 
and gives mm-dimethyldibenzyl. It follows, it is said, that tlu' pre.sence of aro- 
n^atic hydrocarbons in petroleum can scarcely be due to the action of sulphur on 
naphthenes under pressure, as no sample has yet been found to contain thiophenol 
or a homologous aromatic mercaptan. 

' J. S. (\ I. 1017, 997; J. Ind. Eng. (diem 1917, 9, 740-718. 

^ J. S. (!. I. 1917, 204; Petroleum 1910 [9], 978-982; Z. Angew. Chem. 1916 
[29], Hef. 531. 
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Melamid and Grotzinger ^ treat tar oils, tars, and tar derivatives, 
for the production of light hydrocarbons, suitable to use as motor fuel, 
by distilling with phosphoric acid (H3PO4) in the presence of indifferent 
gases or vapors. Nitrogen, steam, hydrogen and air are mentioned 
as suitable indifferent gases. Th(^ phosphoric acid may be introduced 
continually dui'ing the operation, or may be added initially, and is 
maintained in a finely divided condition by stii’ring. If, for example, 
tar from the Freiburgt‘r Gasanstalt is distilled without phosphoric acid, 
only 6.49 p(‘r cent of the constituents, of specific gravity 0.950, boiling 
below 200° C., (392° F.) result ed, while the same amount of tar, distilk'd 
with 25 kilos, phosphoric acid, in continuous operation and in the pres- 
ence of an indifferent gas or vapor, yielded 30.05 per cent of a product 
of specific gravity 0.897 and Inciting below 200° ( \ 41ie amount of pitch 
in the first case amounted to 44.3 per cent and in the last cas(‘ only 
22.05 per cent. When the oils obtained under th(‘ spc'cified conditions 
are treated again in the same manner, they ar(‘ again crackc'd, yielding 
hydrocarbons with stilt lower specific gravity of 0.860 and boiling b(‘low 
120° r. (248° F.) The distillate boiling below 120° (\ is said to serve 
well as a substitute for benzine in automobiles with the usual carbure- 
ter, to be also about 12 per cent richer than benzine of specific gravity 
0.720, and to form exhaust gases having a, l(\ss disagre^eabk' odor. 

‘ Chem. Abs. 1014, 1.344; 101.5, 06.3 nncl 712; 1016, 1027; Brilish Ritonts 
14<S0 and 1400, Jan. 29, 1015; German Patents 276,775, Aug. 10, 1013, and 27S,102, 
Aug. 21, 1913. 
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CRACKING BY MEANS OF FUSED BATHS 

Many investijj-ators have realized that overheating an oil has a 
tendency to d(M‘oni[)osc it into fixed gas and carbon. For example, 
by forcing oil through red hot tubes it is possibl(‘ almost completely 
to break the oil up into fixed carbon and gas without the formation of 
any naphtha, if the vapors remain long enough in contact with the 
heiited surfaces. With direct firing, overheating is sometimes difficult 
to avoid. With this in view many processes have been proposc'd for 
imiintaining a more uniform temperature by means of fused baths of 
metals or salts. 

Where the fused material is contained in a still or retort one of the 
advantages thereby secured consists in the fact that the customary 
carbon deposit tends to float on top of the meltc'd substance (lead, fot 
examj)l(‘) instead of becoming attached to the bottom of the still. 

A. Duchesne ^ makes oil gas by discharging oil directly into melted 
lead. It is claim(‘(l that this method is not attended with the over- 
heating difficidties encountered in passing oil through heated tubes anti 
retorts. 

L. Stevens ^ proposes blowing a mixture of oil and steam throu^ 
molten as[)halt heated above GOO'^ F. (3l()° C.) in order simultaneoufjfy 
to distill and desulphurize oil* It is poted that the action of the steihi 
oxidizes th(‘ sulpliur. The mixed ^feam and oil vapors then pass into 
a series of air and water condemser^ apd products of different gravity 
are obtaincnl by fractional condopBatjon in a manner similar to the 
o{)(‘ration of tower stills. . 

F. J, Carman ^ desulphurizes pils by forcing them through molten 
lead (see Fig. 168). It is said the sulphur of the oils is converted into 
l('ad sulphide. By blowing air through the mass at the end of a “ riin,” 
the sulphur of the lead sulphirje is pb.served to be oxidized to sulphur 
dioxide and to pass off as such, leaving a residue of lead oxide which, 
during the subsequent action of the petroleum vapors, is reduced to 
metallic lead. 

1 U S. Patent 170,005, .Tune 20, 1870. 

2 IT. S. Patent 411,001, Nov. 5, 18S9. 

3 U. 8. Patent 50p988, July 25, 1893. 
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A. ^Seigle^ passes heavy oils through preheating and vaporizing 
chambers lieated by a fused bath and tlieii througii similar cracking 
chambers filled with contact refractory material. Here decomposition 
takes place and light oils are formed. The decomposing chambers are 
also heated externally by a fused bath. 

In Figures 1()9 and 170, G represents a pipe leading from a reservoir, con- 
taining the crude hydrocarbon, to a .senes of vaporizing chambers. The j)ipe G is 
controlled by a meter or n'gulator // by means of which the (low of liydrocarbon 
through the pipe G to the vaporizing chambers may be regulated at wdi. The 
vaporizing chambers /, /, and / are arranged, as shown, that is, each chamber / 
is separated into six compartments by a series of staggered partitions /y Fig. 170, 



Fig. 108. — Apparatus emiiloyed by Carman. 


the heated hydrocarbon pa.ssing into (‘.ach of the.se compartments successively, as 
indicated by the arrows. The vaporizing chambers /, I, and I are connected 
together in series, so that the heated heavy hydrocarbon is obliged to successively 
traverse each of the vaporizing chambers before it can enter by the pijie K into 
a .senes of the heating chambers ./. The.se heating cliambem-/ are arranged as .shown 
m Fig. 169, each chamber ./ being provided with a .sep.arale inlet from the pipe 
K and with a .separate outlet. The.se chambers ./, iinliki' the vaporizing chambers 
/, are filled with obstructive or inert mattm*, such as iron chips, pumice stone, or 
the like, through which the heated hydrocarbon vapors must percolate before they 
escape into the outlet pipe N. 

At the bottom of each heating chamber .T is an open sjiace in which the vapors 
collect, and leading to this .space in each chamber J is a branch jape />, to remove 
the vapors through the pifie L from the chambers The outlet pipe A" conducts 
the highly heated hydrocarbon vapors to a condemser. 

The heating chambers J and vaporizing chambers I are suspended in a bath 
of molten lead contained in a vat V . This vat is [lermeated by a .series of heating 
or combustion flues A^, which convey hot gases from a spray-like burner or g.asi- 
fier Y through the molten metal to maintain it at a uniform temjierature. The 
gases pa.ss from the flues to a flue Z, and from thence to a chimney. 

1 U. S. Patent 667,752, Sept. 1.5, 1896; British Patent 23,235; Dec, 4, 1895; 
French Patent Xo. 252,068, Nov. 29, 1895. 
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The operation is as follows: The burner Y is first lighted and the metallic 
bath fused and brought to re(iuired temperature. The crude hydrocarbon is then 
delivered from the pijie G to the chambers / in which the hydrocarbons are heated 
and a certain portion vaporized, and from the chambers I the hydrocarbons are 
conducted to the chambers ./, in which the vapors are both separated and super- 
heated. The vapors from the chambers J arc drawn off through the pi]ie N to 
a reservoir or condenser. 

S. E. Kelsey ^ clccoiiiposes heavy oils under pn'ssuni in a retort 

vvliieh contains a nuiss of 
fused ni(‘tal or alloy and is 
also packed with nonfusihle 
metallic packing (Fig. 171). 
A is the retort, containing 
a mass of fused metal. A 
pump fo]‘ces oil to the liot- 
tom of the retort, the oil is 
distilled and partly decom- 
posed hy coni act with th(’ 
fused metal and the non- 
fus(‘d metallic packing. A 
ch('ck valv(' on the vapor 
line maintains pressure in 
the ndort. The nudallic 
packing is used to secure 
as larg(‘ as possible an in- 
terior heating surface. 
H(‘avv residuum collects on 

Fig. 171. -Converter proposed by Kelsey. 

material and is drawn off through pipe B. 

P. Danckwardt ^ circulates molten material into and out of a pres- 
sure retort iind sprays a lavin’ of heavy od continuously onto the mass’ 
of molten material (lead, or sodium hydroxide*) in the retort. A loaded 
valyc is placed between the still and condensers. 

In Fig. 172, A is the coil for heating the circulating molten material 
and B is the still. Molten lead, for example, is introduced into the 
still through pipe G' nearly up to the level of pipe G and through pipe F 
until the coil A is nearly filled. Cold water jackets then are used to 
plug the filling lines. Suction pump C is now operated and circulatas 
the molten material. When the proper ternperatuni is attained in the 
still, the oil to be cracked is pumped in slowly from the storage tank D. 

1 U. S. Patent 1,002,306, April 7, 1914. 

» Chem. Abs. 1915, 1994; U. S. Patent 1,141,529, June 1, 1915. 
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Oil is puiiipcd ill so slowly that only a thin layer of heavy residue is 
allowed to collect on the surface of the melted metal. Vapors expand 
through the throttling valve and arc condensed. 

Examples. Results are given on an oil with a rather heavy base, 
which gave by common fractional distillation at atmospheric pressure 
7 per cent light hydrocarbons of a boiling point up to 150° C. (302° F.), 
32 per cent of a boiling point up to 250° C. (482° F.) and the rest of a 
boiling point above 250° C. (482° F.). When this oil was subjected to 



Fig. 172. — Daiickwardt’s continuuus still. 


cracking under a pressure of about 125 pounds pcM* square inch and at 
a tompn-iiture of about 400° (752° l'\), it fjavo in one distillation; 

05 por font naphtha, boiling point up to 150° Cb (502° 1'.), 20 per eent 
of a boiling point up to 250° 0. (482° F.), 10 per cent of a boiling point 
above 250° (482° F.), containing some carbon and 5 per cent fixed 

gas. By returning the fractions J)oiling at 250° ( . (482 h.) and that 
boiling above 250° C. (482° F.) there was oldaincd 15 ])cr cent- inore 
naphtha boiling point up to 150° C. (302° F.) and 7 per cent of a boi ing 
‘point up to 250° C. (482° F.), the rest of a boiling point point above 
250° Cl. (482° F.). A third operation increased, it is said, the total 
of naphtha liy only 5 per cent. In practice thes(> undecomposed frac- 
tions arc generally not worked up for themselves, and are best adcled 
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to fresh oil in order to always keep the composition of the oil entering 
the still as uniform as possible unless they are cut out of the process 
altogether and worked up for the production of special oils. 

F. Pfeifer ^ makes oil gas by passing oil through a molten metal. 
The carbon which oi’dinarily forms and giv(‘s difficulty floats on the 
surface of the liquid in the form of an amor[)hous powder. 

J. Nelson ^ foiees hydrocarbon oil or va{)or Ihimigh a bath of molten 
metal. For working at moderate temperatur(‘s, molten lead is a suit- 
able substanc(‘; for higher temperature's, iiH'tals or alloys of higher 
melting point may be; used. The' exte'iit of ciacking is controlled 
by varying the de[)th at which the oil or vai)or is delivered below 
the level of the liquid. If the hydrocarbon contains tarry matter, 
or substances which cannot be volatilized, it is distilh'd fj’om an 
auxiliary vessel, and the distillate or vapors then subje'cted to the 
cracking process. The passag(' of th(‘ vapors through the liquid 
keeps it thoroughly agitat('d, thus maintaining a uniform temperature 
throughout the mass and prev(*nting accumulation of carbonaceous 
material. A form of apparatus for the process consists of a vertical 
cast-iron cylinder about 2 feet () inches high and 2l inclu's internal 
diameter, heated at its lower end, and providc'd at the upper end with 
a lateral exit pipe and a gas tight cover through which passes an 
adjustable inlet pipe, the lower end of which is immeised in a quantity 
of molten lead. Kerosene of specific gravity 0.803 aftc'r oik* treatment 
in this apparatus, the lead being maintained at about 700° F. (1292° F.) 
and the inlet pipe dipping 4 inches below the surface of the lead, yields, 
it is said, about 20 per cent of light gasoline of Sjiecifjc gravity 0.757 
and boiling at or below 100° C. (320° F.). 

A. A. Wells ^ vaporizes oil and passes it into a bath of viok'iitly 
agitated molten lead maintained at a t(‘mperature of 480° to 540° C. 
(896°-1004° F.). Gases produced by the cracking are <*ollect('d and 
returned to the metal bath and burned within a pipe filk'd with 
refractory material in the bath. 

An expedient adopted by J. H. Adams is that of using a layer of 
molten lead on the bottom of a cracking still. Oil to be cracked is 
passed through a preheating coil and then to a shallow layer of oil upon 
the highly heated bottom of a cracking still, where it is separated from 

» Chem. Abs. 1917, 3118; Canarliiin Patent 175, (;01, March 6, 1917. 

2 J. S. C. I. 1918, 457A; Rrittsh Patent 110,304, March 13, 1917. Appl.^ 
No. 3068 of 1917. 

3 Chem. Abs. 1910, 2144; U. S. Patent 1,187,874, June 20, 1910. 

< J. 8. C. I. 1920, 7 A; Chem. Ab.s. 1920, 221; U. S. Patents 1,320,726 and 
1,320,727, Nov. 4, 1919; .see also U. S. Patent 1,320,354. 
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the bottom of the latter by a layer of molten lead. This shallow layer 
of oil is separated from (he mam bulk of oil in the (*rac;king c^iambcr 
])y a constriction of the walls of the chamber a short distance above its 
bottom. The temperature of tlu^ plate covered by lht‘ nioltcai lead 
may be from a clu'rry-ied to a much higlKU* heat. TIk^ bulk of oil in 
the cracking cJiamber is held at a constant level to supply pressure upon 
the oil in contact with the molten metal at the bottom of the chamber. 
Superheatc'd stiaim may be for(*('d into the oil in the cracking zone. 

Roth and Venturino ' (h'seribe a nudhod for cracking crude petroleum 
and the heavier products of petrohaim including the burning oils, gas 
oils, and lubricating oils, to yield naphtha. It consists in distilling off 



the lighter products, that is, light and heavy naphtha, in crude oil, 
when this is used <‘is the immediate raw mat(*rial, and then distilling 
off the heavi(‘r fractions. Tlu'se heavier fractions ar(‘ then compressed 
and sprayed onto highly heated asphalt in a conv(‘rting still.’’ This 
breaks the heavier products down partly into naphtha, the asphalt 
may be obtained, as shown in Fig. 1/3, from tlu' continuous distillation 
of th(' same crude oil from which the naphtha and cracking stock are 
produced. 

The heavy petroleum ])roduc’ts fall, either in a h(piul eomhtion or atomized, 
upon a mas.s of residues of ])etroleum, asjdialt, or oils, landed to a temi)eratur(‘ 
higher than the boiling point of the hydrocarbons which are to be converted. 
The vapors and gases generated on tlie contact of the atomized heavy hydrocar- 
bons with the heated mass are then condensi'd. 

* The apparatus consists of a series of stills, arranged on graduated levels and 
•communicating with each other l)y means of connecting pipi's ^\hlch connect (_\ery 

' Chem. Abs. 1917, 2511; 1017, 300; V S. Patents 1,208,378, and 1,208,214, 
Dec. 12, 19103 ; British Patent 100,012, Sept. 20, 1916. Sec also Venturino, British 
Patent 12,570, Sept. 1, 1915. 
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two succcssivn stills at about the middle of their }u‘if>;ht. In order that the con- 
version V)r transformation may take place continuously, it is prefi'rable to arrange 
a double series of stills consisting of two symmetrical halves, of which only one is 
illustrated. 

The still A .'s provided with a pipe B for the admission of the petroleum 
and with a pipe C for the discharge of the vapors of distillation giuierated in the 
interior of the still. The still communicates at about the middle of i(s height, by 
means of an inclined pipe D with another still t' similarly jirovided with a dis- 
charge pipe E for the vapors of distillation. The still F communicates with the 
still Cm arranged at a lower level than the former, through an iiiclmed pijie which 
connects them at about the middle of their respective heights. The distilling pipe 
E of the still F ends hi a coil //, arranged within a refrigerating tank, in which a 
circulation of water is maintained. The still C, is provided also with a pipe for the 
discharge of the vapors of distillation geniTated and this pijie ends m a coil ./. 
The coil J iis well as the coil H, on issuing from the refiigerating tank, discharges 
at the upper part of the se[)arating vessel /. 

The still G communicates with a still K. 1'his latter still K is the one in 
which the conversion is performed. This converting still is iirovided with a dis- 
charge pipe M' for the vapors of distillation, ('iiding m a coil arranged within a 
refrigerating tank Af. This coil terminates in a trap and discharges into a reser- 
voir N in which the condensed converted ])roductvS are collected. 

The separating vessel / is firovided at the side, near the to)), with a discharge 
pipe P which discharge.s from this vessid the heavN or middle oils. The pipe P is 
arranged with a compressor R. The heavy hydrocarbons, after being compressed, 
pgss into the interior of the still K through an atomizer Q. 

The separating vessel I works automatically. This vessid consists of a casing 
provided at the top with a pipe for the escape of the gases, and at one of its sides, 
near the bottom, with pipe S which bends upward ami the length of which has 
f)een calculated so ;us to keep water inside the vessel or reservoir always at the 
same level. In this manner, when the condensed vapors fall into the vessel through 
the ends of the coils, they fill it above the level of the water, and in the event of 
any water or impurities being carried along by the vapors, the level of the water 
in the vesisel cannot rise, as it escapes through the pipe S. 

In the boiler or still A the temperature is maintained at a sufficient height 
for distilling the light hydrocarbons of the petroleum which is fed into the still 
continuously by means of the jiipc B. This tmnperature is about 200” Ch (.‘j92° F ) 
which is .sufficient for distilling away all the lighter hydrocarbons, down to ben- 
zine inclusive. The vapors of distillation i.ssiic from this still bv the pi[)e U and 
hire condensed. When the level in the still reaches that of the discharge pipe />, 
the petroleum, already deprived of naphtha, passes to the still F m wdiich a suf- 
ficiently high temperature is maintained for distilling the kerosen(\s and the pro- 
portion of oils which may be desired in this still, for exainjile, up to 70 per cent 
of the entire volume of f)etroleum introduced into the still A. When the level of 
the liquid in the still F reaches that of the discharge pipe /)', it pa.s,ses into still 
G where the residues will even yet distill off a small quantity of oils and wher^ 
the temperature should be slightly lower, from lO*" to 20” C. IL), apjiroxi- 

mately. This slight lowering of the temperature is in order to prevent the mass of 
residues from boiling when the.se enter by the jiipe D" into the converting still A', 
after having filled the still G to the level of the outlet pipe of the latter. The 
vapors of distillation which escape from the stills F ami G by the pipes F and F' 
arc condensed in the coils // and J, and the resulting heavy products collected in the 
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separating vessel I, which separates the petroleum or products obtained from it 
from the water or impurities which may have been carried along during distillation 
and the gases which may not have been condensed. The hydrocarbons contained 
ill the separating vessel I pass from it by the pipe P to the compressor H and 
finally to the atomizer and fnnn there they are injected into the converting 
still K in th(^ form of a fine spray which falls upon tno heated mass of residiK's 
contained m that still. The vaiiors of distillation pass out by the pij)e to the 
coil M. It is considen'd advisable to kei'p the temperature within the refrigerat- 
ing tank exci'edmgly low, for the purpose of condensing the petroleum ether which 
may be earned along by the gases. I'hc coil is (amnecbal to a traj) before' its 
entrance into the vessel N. The mam object of the trap is to prevent the I'ntrance 
into the vessi'l of the gases and petroleum ether, which an' allowed to ('scape to 
the outer air by tlie tube N'. After the vapors have been condensc'd within the 
coll M the r('siilting li(piid passes to the reservoir N. 

It may haiipen that on (icrtain occasions kerosenes and othc'r oils are found 
in th(' reservoir M in wdiich c;use they are submitted to fractional distillation, and 
introduced iigain into thii convc'rting still by mi'ans of the atomizer (J. Wlu'n 
there is tU'C'd ot preserving the ki'niseiK's naturally containi'd in tlu' pi'troleum 
or ev('n in increasing their proportion, (me (jf the following t,wo mi'th(j(ls may be 
'list'd: 

(1) Wdtliin the still .1, a t('mi)erature should be maintaiiK'd suffici('nt to distill 
besidt's the light hydrocarbons, also the kerosene wdiich may b(' desiied; for in- 
stance, a temperatiin' uj) to about 27(F(k (rilS*^ K ) is used and the siibsi'tiuent 
pro(‘('dure followt'd as imlicated in conni'ction with the other stills. (2) Ih'twi'en 
the stills A and P aiiotfuT still, not shown, may be insertt'd, for distilling off the 
kerosenes, and the vapors of this distillation will then be (iolk'cted and condensed 
st'parati'ly. As regards the remaindi'r of the operations, the jirocess is the same 
MS tliat which li;is been d('scrib('d above. 

In order to obtain a continuous conversion, a doubli' sc'rii's or batti'ry of stills 
IS used, and in the [iipes D are arranged valves by iiK'ans of wdiich the opi'ration 
may be transfern'd from one suk' of the double battery or s(‘ri('s to the other, in 
()rd('r that tlu' operation of one of the sid('s may be susjiended to etTect the dis- 
charge and ck'aning of the stills. 

R. Fleming ^ heats lieavy pctroleiiiii products such as heavy fuel 
oils or heavy ihtchy resi(liu\s with hydrocarbon products of lower 
boiling point at li'inperjituri's in excess of 350° ( -. in order to ehect 
such conversions that an incri'ased yield of gasoline may be derived 
from tlu^ n'sulting mixture on distillation. A pitchy residue' of 12° to 
20° W\ may for this purpose be maintained at approximately its boiling 
point under thi^ tianiierature used (about 400° (752° F.) with a 

continuous suptily and circulation of the liquid in the apparatus under 
a pressure of 75 (o 100 lbs. per sq. in. Kerosene distillate of about 
*43° Be. or heavier and boiling above 180° C. (350° F.) is continuously 
'supplied through a perforated pipe into the lower portion of the main 
body of the heated liquid in quantity just sufficient to maintain the 
pressure. From the mixture thus constituted an oil distills over having 
1 Chem. Abs. 1920, 465; U. S. Patent 1,324,766, Dec. 9, 1919. 
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light and heavy fractions, which is found to yield a large amount of gaso- 
line when fractionated. Free carbon is deposited in the bottom of (he 
apparatus and is drawn off as formed; so that thc^ process may be op- 
erated continuously. When oils boiling above 325® C. (G17® F.) are 
used a higher boiling solvent menstruum somewhat heavier than 12® to 
20® Bc\ may be used. The use of the heavier solvent maintains the 
necessary high temperature for effeclirig conversion and also itself 
takes [)art in the (‘onversion reactions and increases the gasoline frac- 
tion which may finally be derived from the resulting oil mixture. If 
coal-tar distillates are employed in the method, a product is obtained 
which is claimcil to yield large amounts of benzol, toluol and xylol. 
No steam, catalysts or desulphurizing agents are cmj)loycd in the process. 



Fig. 174. — Fused lead method of Andrews and Averill. 


The distillate to be converted is injected into the body of heavier oil 
below ascending tubes, so that globules of vapor ascend through a 
column of highly heated heavier oil and are there])y rapidly brought 
to the temperature nece.ssary to effect conversion. Yi(‘lds as high as 
about 65 per cent of gasoline are stated to be obtainable by this method 
from kerosene distillate of 43® Be. 

An interesting adaptation of the fused-bath method is descri})ed by 
Andrews and Averill.* A number of U-shaped tu})es (A, Fig. 174) com 
taining molten lead are suspended from a horizontal header, B, also 
containing molten lead. From an oil supply header C, oil tubes extend 

* U. S. Patent 1,312,467, Aug. 5, 1919, See also Andrews and Averill (U. S. 
Patent 1,329,739, Feb. 3, 1920; and U. S. Patent 1,312,467, Aug. 5, 1919). 
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down into one lej^ of each of the U-tubes. Vapors collecting yi B are 
discharged through D to condens(‘rs. The ra[)id evolution of vapor 
caused by contact of hot lead and oil near the bottom of one leg of 
each U-tube causes a rapid upward movement of lead and oil vapor 
in that leg and a corresponding downward movement of lead in the 
other leg of the U-tube. Thus a circulation is generated and main- 
tained that assists in preventing carbon deposit. The carbon collects 
on the surface of the lead in the header B. A uniform vapor pressure 
is sustained, for example, 75 pounds, with the assistance of steam. 
Condensation takes place under pressun'.^ 

^ See also pages 158, 202, 239, 248 for further examples of the use of fused 
baths. 



CHAPTER XXI 


CRACKING WITH THE AID OF INTERNAL HEAT 

By internal heat ” is meant heat derived from a eombustion, 
rcstrictetl or complete, or both, of a part of the hydrocarbon material 
being treated. 

It has long been the ambition of petroleum technologists to de- 
compose heavy oils by means of direct heat, i.e., without, the interposition 
of any containing walls or diaphragms between tin' oil and the source 
of heat. To burn, partly or completely, a portion of the oil being 
cracked, in the interior of, or on the surface' of, that oil itself re'pre'- 
sents, inde'ed, a large heat conservation — pinvided the era(*king stock 
is a low grade oil, such as fuel oil. Many attempts have been made 
to commt'rcializc the method. 

One important feature of this general method is the elimination, 
oven the direct utilizatioHj of the carbon deposit, which is a source of so 
much trouble even in processes that are being successfully practiciKl 
at the present time. One of the ideas is to burn the carbon d(‘])osit as 
fast as it forms. Aside from the i)urj)os(‘ of utilizing hi'at din'd ly, in 
this manner, for the sake of obtaining heat ('nergy, thc're is also th(' 
chemical effect of oxidation, meaning restricted o.xidation. A good 
example of this is the oxidation of miphthenic hydrocarbons into 
aromatic hydrocarbons, i.e., the dehydrog(‘nation of naphthenes and 
hydroaromatic or alicyclic hydrocarbons. 

M. H. Strong ^ decomposes oil in retorts to make gas, in tin' pres- 
ence of refractory contact material. A blast of air is tlu'n used to . 
burn the resulting deposit of carbon, the heat from this combustion 
serving to heat the contact material. This stored-up heat is then 
utilized to decompose a fresh portion of oil. 

Strache and Porges ^ conduct vapors of heavy hydrocarbons, for 
example, gas oil, mixed with steam over an oxygen transfei rer at a com- 
paratively low temperature, thus giving, it is said, a large output of 
benzine or gasoline, having a low boiling point, and but small quantities 
of gas, the object being to reduce the gas production to a minimum. 
The oxygen transferrer is an oxide of a suitable metal, for example, 

1 U. S. Patent 179,309, June 27, 1876. 

2 J. S. C. I. 1915, 826; U. S. Patent 1,205,578, Nov. 21, 1916. 
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iron oxide, lead oxide*, cerium oxide, or pyrolusite. The n'geperation 
of the substance, which becomes more or less mixed or coated with 
carbon durinjj; the [)rocess, is effected by conducting oxygen or air 
through the heated catalyzer. This coating of carbon is stated to be 
practically negligible when the pr{)p(‘r supply of steam is maintained and 
the temp(‘rature k(*pt low. The cracking smell is also reduced when care 
is tak(*n to promptly n'oxidize the oxygen transferrer as soon as the 
yield of light oils begins to decr(*ase. B is a distilling vessel (Fig. 175) 
containing gas oil; the latter having a density of 0.8 to 1.0, and begin- 
ning to boil at 150^^ C. (302° F.). 

Steam is eondueted into the vessel R, and the mixed steam and lieavy hydro- 
carhon vapor ])ass throu^jh a valve to the retorts, A, filled with a substance capable 
of transferring oxygen to the oil. The retorts A are heated by gas jets. Distil- 



lation with sl('am takes place at a temperature between 14(F(k (2S4® F) at the 
b('ginning of the operation iind is gradually raised to 300° (- (372° F.). The de- 
composition m the retorts A takes place whiai the temixTatiire of the retorts 
reaclu's about 000° (k (1112° F.). The (piantity of the oxygi'ii transferrer used is 
de]K*ndent, uiioii the (quantity of oil to be tnaited in a unit of tim(‘; for examijle, 
if 100 kg. of oil is to be converted into gasoline in one hour, 100 kg. of catalyzer 
(iron oxide) will be reipiired. 

'fhe iiroducts of the reaction pass from the retorts A filled with metal oxide 
O to a dephk'gmator I) from which the heavier constituents are returned by a 
pipe r to the vajiorizer Ji, while the lighter lainstituents or ga.seous products ])a.ss 
to a purifier R provided with a mass S containing l(‘ad oxide and an alkali or an 
alkaline earth, by which the smell due to cracking is removed. The light hydro- 
carbon IS condensed in a cooler 7vi at a temperature of about + 13° (k (39° I.), and 
gases are tlien conducted to a second cooler and cooled to a temperature of 
about - 10° C.; the uncondensed gases issue from the pipe vi. These gases either 
escape or are used for heating the vaporizer and retorts, or may be compressed 
into containers for future use. 

• After about six hours of operation, the gasoline or benzine flowing 
from the cooler Ki begins to show an increasing percentage of hydro- 
carbons liaving a boiling point of over 150° C. (302° F.). This is an 
indication that the transformation of the heavy to the lighter hydro- 
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carbons is not progressing satisfactorily, and that the oxygen transferrer 
requires regeneration. Valves h and d are now closed and valves a and 
Gi opened, the valve a admitting air or oxygen, which is energetically 
blown through the heated retorts A, eff(‘cting the combustion of the 
deposited carbon and the reoxidation and the oxidation to a higher 
stage of the oxygen transferrer. The products of combustion leave 
the retorts and pass out through the valve gi, where the nature of the 
gas or flame of the ignited gas, or the absence of flame, will determine 
when the regeneration has been complet(‘d. Valves a and Gi are them 
closed and valves b and d again opened, and the process continued as 
before. By regenerating the oxygen transh'rrer in this manner its 
original effectiveness is not onl}^ restored, but after repeated regener- 
ation the transferrer is said to become mor(‘ effective than when first 
used, probably due to the opening up of its surfaces, so that the proc(\ss 
can be carried out at a lower tem[)(‘ratur(‘ (with an iron oxide as oxygen 
transferrer, between 500° C. (932° F.) and 600° (1112° F.)) and the 
quantity of uncondensable gas is considi'rably reduced, whiles th(' })roduct 
desired, namely gasoline, or benzine, is increas(‘d in volume.^ 

Forges and Strache ^ make oil gius, suitable for carbureting water gjus, and 
containing light hydrocarbons, such as gasoline, benzol, and toluol from mineral 
oil, tar oils, brown coal tar, gas tar, etc., by cracking at temperatures below 700'^ C. 
(1292° F.) separating the light hydrocarbons and gius from the products, and re- 
turning the residue for further treatment in admixture with a fri'sh portion of the 
raw material. A temperature of 500° to (500° (k (952°-lH2° F.) is prehu’ably used. 
When a catalyst such as ferric oxide is employed, the temperature is raised as the 
proportion of residue increases. 

C. F. Thumm ^ atomizes heavy oil with eompn'ssial air, or air and 
steam, and passes the atomized mixture through a hot tube la^ati'd by 
direct heat in a furnace. The mixture is then sul/p'cted to cemden- 
sation at successively decreasing temperatun's, the final cooling temper- 
atures used being at or below the freezing point of water. 

A. S. Ramage ^ pass(*s heavy paraffin oils over heated reducible 
metallic oxides. Oxidation takes place with the production of olefins, 
terpenes, and aromatic liydrocarbons, a large percentage of which is 
reported to consist of low boiling oils. 

‘ Forges and Stransky, Chem. Abs. 1915, 2Slt; Italian Patent 142,453, May 
30, 1914. See also Forges, Stransky and Strache, J. S. C. I. 1915, 82(5; Chem. 
Abs. 1915, 3358; British Patent 11,420, May 8, 1914. 

* Chem. Abs. 1918, 994; British Patent 112,420, October 4, 1917. 

» U. S. Patent 389,988, Sept. 25, 1888. 

< Canadian Chem. Jour. 1918 (2), 192-5; U. 8. Patent, 1,224,787, May 1, 

1917. 
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Hydrocarbons arc transformed, by restricted oxidation, by means of a suitable 
reducible metallic oxide into other hydrocarbons containinj^ proportionately less 
hydrogen, water being produced in the read ion. Paraffin hydrocarbons are 
stated to be transformed into olefins, for example pentane into amylene, or into 
teriienes such as pinene and limonene; or into aromatic hydrocarbons of the 
benzene type. Presumably the formation of olefins, terpenes and aromatic hy- 
drocarbons represents the successive stages in the restricted oxidation of a par- 
affin, so that each of these groups may be regarded as derived from the preceding 
group richer in hydrogen, by removal of a portion only of this hydrogen. On 
this jxssumption some of the reactions involved might be thus expressed, using 
generalized formulae; 

(1) (Conversion of a paraffin into an olefin 

CJL,«f2 + O = CJl2„ + IhO 

(2) Conversion of an olefin into a terpcnc 

C.lhn + O2 - C„ll 2„-4 L 2H2O 

(.‘f) (Conversion of a terpene into an aromatic hydrocarbon 
C„H2.-4 + O ^ (CJf>„-6 + II 2 O 

It is stated, however, that the production of an aromatics hydrocarbon may be 
regarded as taking place directly by the restricted oxidation of a paraffin or an 
olefin, the intermediate reaction sbiges, if smdi there be, being disregarded; thus: 

(4) Conversion of a paraffin into an aromatic body 

(^,Ho„+.> + 40 = CC„H 2„-6 4- IHoO or 

(5) Conv(*rsion of an olefin into an aromatic body 

CnU,n + 30 == C„H...-, I- 3II0O. 

(6) Similarly an ecpiation may be written to repres(‘nt the direct transformation 
of a paraflin into a terpene: 

C.H2„+2 + 30 = CJl2„-4 1- 3 II 2 O. 

In practice, the belief is expressed that the reaction do(‘s in fact occur in suc- 
cessive stages, inasmuch lus the reaction products are said to contain repn^sen- 
tatives of most or all of the above-mentioned groups (olefins, terpenes and 
aromatic bodii's). 

There occurs in each case an oxidation of a ])ortion only of the hydrogen com- 
ponent of the hydrocarbon, whereby a hydrocarbon of any given series (paraffin, 
olefin or terpene) is transformed or converted into a hydrocarbon or hydrocarbons 
of a series relatively poori'r in hydrogen. Another product of this restricted oxi- 
dation is in each case water, and the amount of water produced, relative to the 
amount of hydrocarbon tri'ated, is said to be an index of the e.xtent to which 
the oxidation has progressed. Therefore the reaction is controlled by collecting 
the water of oxidation and determining its quantity. 

A hydrocarbon, or usually a mixture of hydrocarbons, is subjected to restricted 
oxidation by a reducible metallic oxide -under conditions of temfierature and time 
which are ri'gulated according to the oxide used, the character of the hydrocarbon 
fo be transformed, and the nature of the products desired The hydrocarbon, 
in a state of vapor, passes over or through a bed of reducible oxide contained in a 
tube or retort. The temperature within the tube is maintained at a point which is 
sufficient for the reduction of the oxide in (piestion, and the time and temperature 
are regulated with reference to the yield of water in order to produce the par- 
ticular hydrocarbon mixture desired. 
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Usings ferric oxide (Fe 203 ) a temperature range of 580° to 750° C. 
(1076°-1382° F.) is suitable. Within these limits, provided a sufficient 
excess of iron oxide be present, there is reported to be no appreciable 
separation of carbon. At higher temperatures, or if the reduction of 
the oxide is carried too far, cracking sets in and the reduced metal con- 
tains carbon. Ferric oxide employed as above undergoes successive re- 
duction to Fe 304 , FeO and metal. For the best opei’ating conditions it 
is preferred to stop the treatment when the charge in the retort has 
been largely reduced to ferrous oxide FeO, containing some iron. The 
reduced charge may be regenerated by blasting it with st(nim while 
maintaining a temperature of approximately 750° C. (1382° F.) without 
removing it from the tubes. In th(' course of this regeneration hydro- 
gen is produced. In case hydrogen is not desired the r('generation 
may be accomplished by means of air or a mixture of air and st(‘am. 

Between the approximate temperature limits (580°-750° C'.) (1076°- 
1382° F.) a careful adjustment between the temperature of the oxide 
and the boiling point of the hydrocarbon to be transformed is necessary. 
Thus for a hydrocarbon fraction boiling between 150° and 200° (\ (302°- 
392° F.) the lower temperature ranges 580° to 625° C. (1076°-! 157° F.) 
arc used; whereas for a fraction boiling between 250° and 300° C. (482°- 
572° F.) the higher temperature ranges, say between 700° and 750° C. 
(1292°-1382° F.) are used, the intermediate fractions requiring inter- 
mediate temperatures for the best results. In practice the boiling 
point of the material under treatment is observed and the temperature; 
of the oxide regulated accordingly: For examj)1e, when treating an 
oil fraction of which the boiling point rises progressively, the temper- 
ature of the oxide is progressively increased. 

Example: The material treated was a complex hydrocarbon mixture consist- 
ing largely of olefins and containing constituents boiling all the way from 150" to 
300° C. (302°-572° P\). The reaction vessel consisted of a malleable iron tube 
three feet six inches long by four inches in diameter, electrically heated by ni- 
chrome wire set in alundum cement, a rheostat being provided for accurate control 
of the temperature. The tube was filled with a pure iron oxide (of paint grade) 
prepared from copperas, the tube being nearly filled with the ungrourul material, 
in lump and powder form. The temperature was measured by means of a ther- 
mocouple on the outside of the tube which had previously been calibrated with a 
thermocouple in the center of the oxide so that the temperatures mentionetl are 
internal. 

The oil wa.s vaporized and the vapors carried through the tube and discharged 
into a condensing system. At the beginning of the operation rhe temperature 
reading was 580° C. (1076° F.) for a boiling point of the hydrocarbon introduced 
of 150° C. (302° F.) and this temperature was gradually increased in proportion to 
the rising boiling point of the hydrocarbon to an ultimate temperature of 750° C. 
(1382° F.). The pressure within the system was sufficient only to maintain the 
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regulated flow of the vapor therethrough. The condensate amounted to upward 
of ninety per cent of the oil treated. Of the n'covered product forty-seven per 
cent boiled under 180° C. (350° F.). Tlie remaining high-boihng material was 
reflu.xed, to be again subjected to oxidation. 

The material boilmg under 180° C. was fractionated, yielding a series of frac- 
tions as follows: 


Up to 

40° ( 

40 “ 

75° G 

75 

05° C 

05 “ 

120° G 

120 “ 

130° G 

130 

150° G 

150 “ 

180° G 


about 7 %, largely amylene. 

'' 8 “ hexylene. 

20-25 containing about 70 % of benzol, the balance olefins 
15-20 "o, containing nearly 75 toluol, the balanci* olefins. 

3'o, containing .some octylene. 

10-15 ‘o, containing xylols, olefins and some pinene. 
25-30^0, of which apfiroximately 18*;, was hmonene, the 
balance largidy ohdins and aromatic hydrocarbons. 


Practically no paraffins were discoverable in the reaction products, which are 
therefore vt'ry readily purified in order t,o recover their values For th<' purpose 



for example of recovering benzol and toluol, Ramagi* projioses merely to nanove 
the olefins by th(' usual treatment with sulphuric acid, leaving the aromatic com- 
pounds in condition for i(‘ctilication. 

Ihgure 17f) shows a tank .1 for containing the starting material from which it 
IS delivered to a nozzle B by jiressuri* ujion the Inpiid in the tank. 1 1 h‘ hydio- 
*carbon is thus injected into a seri(‘s of connectial tubes ( containing th(‘ nalucible 
oxide, these tubes being mounted in a furnace. From the tubes a jiijie I) leads 
to a reflux conden.ser maintained at a suitable tempi'rature Irom this con- 
denser the residual high-boiling point material returns to tank A for retn'atnu'nt 

The uncondensed vapors and gases pass to a second condens(‘r, (/, ki'pt at a 
lower temperature, the condensate being collected in tank If. 1 he residual gases 
are then subjected to a scrubbing operation, passing to the nozzle of an inj(‘ctor 
K supplied with wash oil (which may be some heavier jiarallin oil or kerosene, 
bpiling point 180° to 200° C. (35G°-302° F.)), through the pipe L from the tank M. 
This wash oil is sprayed into a chamber provided with baffles, the .separated liquid 
passing through a trapped pipe to the collecting main /* The vapors and gases 
pass from chamber Q to a tower R, provided with a sc'ries of perforated plates, 
the separated liquid passing to the main P. ddie gaaes from tower R pa.ss to a 
“ bell ” tower 8, from which the separated liqiiuls pa.ss to mam P. The gases, 
principally hydrogen, pass to a gas holder. The wash oils and condensates re- 
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covered from main P may be reused, after fractioning ofT the light products, and 
are returned to tank d/d 

Mann and Chappell ^ dehydrogenate distillates of petroleum in 
which hydrocarbons of the naphthene and hydroaroniatic, often called 
carbocylic, series occur to a considc'rabh' extent. The object of the 
process is the production of benzol, toluol, the xylols and other aro- 



of mercury b(‘lo\v atmosr)heric pre.ssure, that is, 731 () to 658 4 
millimeter.s of mercury absolute pressure; a temperature ranging from tiOO to 750 
degrees centigrade (1 1 12‘’-1382° F ); a volume of air from 5IM) to SOO culiie h'et 
for each 15 or 20 gallons of oil introduc'd; and a contact substance comjiosc'd of 
the lower oxide of a metal. The lower oxide of mc'o'l is recommended. TIk' 
catalyzer is jjrepared by imj)regnating porous mati'rial, such as fire-brick, pumice- 
stone, etc., with the soluble salts of nickel or iron or coj)per or with mixtures of 
these soluble salts. The nitrates of tiles'^ metals are used for the im])r(‘gnation. 

After the impregnation, the contact ma.ss is heated to a tempi'rat un' ranging 
from 500° to 6(X)° C. (932°-1112° F.), in the pres^'nc' of a reducing agc'nt, such as 
the vapors of petroleum oils. 

These investigators state that .some of the undesirable oi’s formed under at- 
mospheric or above atrno.spheric pressure have boiling points similar to benzol 
and toluol, and can be nitrated, but explode* when heated to the boiling ^loint of 
nitrobenzf)!. A reduced atmospheric jiressure is u.sed to prevent the formation 


* See also A. S. Ramage, (Canadian I’ah'nt 179,252, Sept. 11, 1917. 
2 IJ. S. Patent 1,214,204, Jan. 30, 1917. 
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of thesp undosirablo compounds, which cunnot 1)0 separated from benzol and 
toluol by fractional distillation, and which, when nitrated, form dangerous ex-, 
plosives. 

In Fig;. 177, A is the oil supply, B and C a pair of retorts worked alternately, 
and 1) the connections leacUng to the condensers, compressors, and gasometers. 

Tlu^ rotoits bein^ brought to the proper temperature, oil is injected 
into OIK' of IIkmu, say B, together with (he proper amount of air. Forty- 
five' to 20 p('r (Huit of permaiK'nt gas and 40 to 75 j^ier e('nt of aromatic 
hydrocarbons art', formed. The flow of oil is stopped wlien the catalyst 
becomes coated with carbon. Re'tort B is then cut out and C brought 
into ope'ialion. A regulated amount of air is then passe'd tlirough B 
in amount sufTicie'iit only to biu’u the carbon deposit to carbon monoxides 
and hen<*c' kec'p the' catalyst in a rediu^ed condition. The carbon 
monoxide is collected, for fiu'l purpose's, in a gnseime'ter. The hydio- 
e*arbon gase.'s and vapors are ptisse'el through a se'rit's of rece'iveu's anel 
eonde'tisers, the cemde'iisalilc constituents there being conelemse'e! (uneler 
•slight subatmospheu-ic pre'ssure). The noncemde'nse'el material passers 
thremgh a e’oinj^re'ssor anel is e'edh'ede'el in a gasometer.^ 

J. Hausman anel S. Pilot, ^ by eixielizing crude Horyslav petroleum 
at a high tempe'rat ure' obtain 23 per cent eif distillate behling up to 
15(T(\ (302'^ F.) of whie'h aTemt. twevthirels is aromatic. 

'The apparatus used was an iron tube one inet(*r long, f inch diameter packed 
with iron oxide. (Vude oil was drojijx'd into this tube, heat(*d to rediK'ss and 
vapors carried through ^\lth a current of air. 

Intei'iial combustion invedving the' use eif le'frae'teiry surtaea's in the 
crae'king cliainber has be'en ix'e'oinnu'nde'el by Ellis. A vertie'al ewlinelri- 
cal ci'ae'king e*hamber is filled with liagme'iits eif I'eh’acteiry matc'i’ial anel 
at the te)f) heavy oil is introduceel in an atomizeel state'. Hedow this and 
within the mass eif refraedeny material air in a ])i’e'lwateel conelitiein is 
aelmitteel. Only a small amount eif air in propeirtion tei the eiil eniployeal 
is use^el, as the purpose of the operatiem is tei secui'e cracking eif the^ eiil 
l)y burning only a small part eif the eiil actually intre)due*ed into the' crae*k- 
iiig zone. The jiath of the burning oil and produe*ts eif combustion is 
elownwarel, these' be'ing remove'el at the beittom of the e*hamber and exm- 
ducteel intei a number eif conde'iisers trenn whiedi a serie's of condensates 
is obtained, the iweielucts of combvistiem anel uiu'emelense'el mate'rial beang 
.elischargeel fremi the last e'emdensea’. The' eiil anel air may be he\ate'el be- 
fore entering the cracking chamber; the edl by a jacket surrounding the 

1 See also Chem. Abs. lObS, 993; U. R. Patemt 1,257,906, Fob. 26, 191S, and 
Chom. Abs. 1918, 423; U. S. Fatont 1,249,444, Dec 11, 1917. 

^ Oerman Patent 227,178, April 1, 1909. 

’ British Patent 25,tl31, 1'J12; U. S. Patent 1,295,825, I'Vb. 25, 1919. 
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cracking chamber and the air by moans of a housing surrounding the 
first condenser. This is an air condenser through the housing of which 
air is propelled by a pump directly to the cracking receptacle. The 
apparatus may be operated under a pressure between 30 and 60 pounds 
per square inch. 

Hirschberg ^ passes oil vapors and mists under pressure in contact 
with a bulky form of chromium oxide (( ' 1 * 203 ) heated to a dull red. 
The products are subjected to condensing and scrubbing and uncon- 
densed material is compressed. The raw materials treated include 
bituminous and mineral oils. The contact body or catalyzer is a 
light bulky form of chromium oxide obtained by calcining or ignit- 
ing chromium salts which have volatile bases (such as ammonium 
bichromate or ammonium chromate). 

The following; are cxaiiipl(‘8: 

A. One hundred kilos of keros(*nc wore led under ])ressurc of 55 lbs. to the 
square inch into a sniall tube so lieated as to convert, the oil to vapors. The 
vapors were passed into a larger iron tube filled with chromium o.xide, prepared 
as above described and heated to a dull red heat. After passing the catalyzer, 
the vapors were led into receivers containing heavy oil, such as solar oil. In 
these s(!rubbers 58 per cent of the original weight of the kerosene was collected as 
a light oil of a boiling point between 30® and 170® C. ((S()®-338® F.) and having a 
specific gravity of .750. About 20 [ler cent of the original weight of kerosene was 
carried away lus gas of which about 40 per cent wius light oil vajiors, the rest con- 
sisting of hydrogen, methane, etc. The remainder of the original kerosene, being 
still a heavier h^alrocarbon, was available for retreatinent. 

After condensation of the light oil vapors and after distillation of the light oil 
from the scrubbers the yield of light oil (boiling tioint 30® to 170® C. (.Sf)°-338® K.) 
and specific gravity .750) converted in one operation was fiO to 70 per cent of the 
original, 

B. Ninety-five grams of creosote oil were vaporized and passed over chromium 
oxide in the manner noted above for the treatment of kerosene oil. After pass- 
ing the catalyzer, the vapors were led into a receiver, and then through scrub- 
bers, 76 grams of distillate being collected in the ri'ceiver and scrubbers, while 
about 20 per cent of gas was producial. On distillation of the oil contained in 
the receiver and scnibbers a vield of 30 grams of a spirit of a boiling point be- 
tween 35° and 100® C. (95®-320® F.) w'as obtained. From the receiver a distillate 
of boiling point about 160° C. (320° F ) amounting to 46 grams was collected, and 
this was suitable for further treatment with the catalyzer. From 49 grams of 
creosote oil, therefore, 30 grams of a spirit of boiling point between 35® and 160® C. 
(95® 320° F.), representing a yield of 61 per cent, were obtained. The gas con- 
tained 44 per cent of condensable hydrocarbons. 

C. One hundred kilograms of kerosene of a specific gravity of 0.825 was > 
vaporized and passed at a pressure of about 15 pounds per square inch over heated 
chromium oxide as described above. After passing the catalyzer the vapors were 
led into a condcn.ser and then through scrubbers containing heavy oil. In the 
condenser and the scrubbers after two runs, a spirit boiling between 30° and 170° C. 

1 British Patent 4573, Feb. 21, 1914. 
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(8C)®-338° F.), and having? a s{)Ocifi(; gravity of 0 735 amounting to 08 p('# cent by 
weight of the original material, was collected. A further 18 per cent of the original 
material of a very light benzine was obtained by condensation from the gas, this 
In^ht benzine having a specific gravity of 0.650 to 0.600. Thus the total yield of 
light motor spirit was 81 per .cent of the original oil treated. 

In Fig. 178 A represents a pressure tank for supplying the oil through the 
])ipe B to the furnace C. D is a small pump for maintaining pressun' within the 
pressure tank. The catalyzer is contained within the retort E and is heated by 



Fig. 178.^ — llirschberg’s apparatus. 


the furnace (7. The retort E is connected to a condenser consisting of a coiled 
pipe F surrounded by a water jacket. The coded pipe passes from the water 
container to near the bottom of a second container arranged below it ihe 
top of tliis container G is connected to a second condenser J . T he end of the pipe 
J extends to near the bottom of a vessel K. Similarly this vessel K is con- 
nected to a third condenser M. The third condenser is connected to a fourth 
condenser 0. In the last condenser O the pipe R leading from the top of the lower 
vessel P is also arranged partlv within the water jacket. This pipe is connected 
to a compressor >S, which is connected to a tank T. I’hc water jackets arc con- 
nected together and to a cold water supply. Operation is as follows: 

. Oil to be treated is forced from the apparatus A, by the pressure maintained 
in it, through the pipe B to the retort E, where it comes in contact with the 
"chromium oxide. After treatment the vapors pass to the conilenser F, where 
the lighter portion of the spirit is condensed and collect(*d in the lower ve.ssel L. 
The vapors pass from G to a second condenser J and fheii to the lower vessel A', 
containing a quantity of heavy oil, which acts as a scrubber llie vajiors also 
pass through two other similar scrubbers and finally are conveyed by the pipe 
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R to the compressor S. The gases are compressed, and the light constituents con- 
densed and passed to the tank T. 

J. E. Biggins ^ proposes to burn a part of the oil inside a specially 
constructed pressure still, in order to furnish heat for the cracking 
operation. The object is to avoid the external application of heat and 
in this way obviate some of the difficulties inherent in the usual crack- 
ing processes in stills or retorts under pressure. The inj(‘c(ion of air 
at points along the still body causes the combustion which maintains 
the necessary range of cracking temperatures. The construction of 
the still body appanaitly permits using very high pressures. 

The cracking tomperaturea are high enough to permit free development of heat 
by oxidation or combustion. Stated iii one way, mstead of kee])ing ui) the t(‘m- 



Fig. 179. — Biggins’ internal combustion apiiaratiis. 


perature within the still by burning oil outside, a little of the oil is buriKHl inside 
with the net result, it is claimed, of an economy in oil. In so doing, tlie walls of 
the still, instead of Ijeing of heat-permeable metal, may be brick lined and insulated 
against loss of heat. The introduction of air, and con.seipK'iit dcvelofiment of 
heat, may be at one point or several; but in practice introduction at a number 
of ])oints in the channel tfirough which the oil and oil vapors flow is desir.able to 
keep a unifonn temperature throughout. 

The oil or oil vapors unite with the oxygen of the air to form products of com- 
bustion (IbO, CO and CO 2 ) which pass fonv^ard with the residual nitrogen. The 
presence of the stream of gases going through modifies the operation somewhat.' 
In part, the action is analogous to the action of steam in facilitating the distilla- . 
tion or vaporization of high boiling oils. For this rea.son, it is necessary to in- 
clude in the system an air cooled condenser capable of condensing and collecting 
such high boiling oils as may go beyond the cracking zone and of conducting the 


» J. S. C. I. 1918, 618A; U. B. Patent 1,274,976, Aug. 6, 1918. 
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colloptpd IiikIi boilinf? oils liack to the eraekiiiR zone. With the air cooled con- 
denser between the craeking zone and the water cooleil condenser and wath a re- 
turn of the condensate caused by air cooling, the product obtained is asserted to 
be motor fuel of the nature of gasoline. 

l-'igure 179 shows an inclined still. It is lined with brick and has an outer 
steel casing which may be further heat insulated. At the upixir end is an oil inlet 
H If the aiiparatus is to run unilcr pressure, this oil is introduced under pump 
pressure Passing through the upper wall of the cracking still are a number of 
Ihermometers Passing through the loaer wall of the still are a number of air 
miecting nozzles C, rising somewhat above the lower wall. These arc valved and 
connected to airline I), leading to a source of air under pressure. At the lower 
end the cracking still communicates with a brick lined vertical tower E, which i.s 
a collecting drum and to some extent an air cooled condenser. Cenerally the 
tcmiieraliire in this tower is such as to |)c'rniit only deposition of tar and carbon. 
'Die tower is prolonged ilownward to form a well or sump /-' in which the level of 
accumulated hiiiiid can be seen by a gage glass. At its base is a draw-off con- 
nected to a cooling coil. The tower is provided with a safety valve (1 At the 
lop the tower connects through conduit II with an air cooled condenser, or run 
hack K. Prom this run back, conduit h is provided for returning condensed 
"high boiling oil It connects with the oil inlet 'Die air cooled condenser has vapor 
outlet M connecting with the usual water cooled i-ondensers (not shown). Then- 
may be a valve in this vapor conduit as indicated at N or there may be a valve 

bovnnd the condoiisors. , -i i i 

■ Oil is introdiieed at 11. This iiiav be kerosene, solar oil, gas oil, crude oil, or 
a resi.hium of distillation. It is said that all kinds of oil may be handled even 
ihose oils Mhich are so rich in carbon as to give a copious separation o coke by 
ordinarv distillation methods. Accumulation of coke docs not cause trouble, since 
there is no heating through the walls If coke accimiiilalcs the supply of oil is 
shut off and coke simply burnt out by continuing the inirodiiction of air. Heavy 
viscous oils holding considerable water may be handled. 

Higgins claims that any desired pressure may be maintained within the ap- 
par-itiis Since heating through the nails is not necessary and the outer wall may 
he C cool enough to take advantage of the strength of cold steel, relatively 
enormous pressures may be employed. Ordinarily it is not, desired K" "^10 
pressure of lt)l) to 200 pounds. 'Die oil going in at. B is vaporized, wholly o n 
. ;,rt, liy the heat within the cracking chamber; ami since it 

a zoiiD of hi^h heat, tlie vaporization takes place m a (liMiii)tiv( ^\c^, ^ 
any oil not vaporized. Whether vaporized or atoimzeil or remaining mom o 
111 a liquid condition, the oil passes donnward, llowing along ‘ 

It goes, a cert.ain amount of combustion of oil vapom .uu gas s . ^ I 

each o the air inlets, keeping up the temperature. I csidiial IJ-o • ' 

oil How downward into tower E. Here the temperature 
siisnended tar and earbon settle out and fall into sump F Tin mixtii 
iincondensed vapons and gases goes fi.rward. High boiling oi ^ J 

, to the water cooled condenser. 1 he ( hara If h is k(‘i)t at such 

upon the amount of cooling given in the aerial conilenser . - • 

a temperature that the v.apom going — al gaso- 

176° C.), the product recovered from the final coml cracking zone. 

line, since the kerosene T thereabout, the llnal condenser 

If the vapor temperature is 4(X) 1 • 
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will collet a mixture of ^j;asoline and kerosene which may be subsequently sepa- 
rated by ordinary distillation methods. 

California oils and other asphaltic oils are distilled to advantage 
with the aid of air, according to J. A. Dubbs.^ This aids in securing 
an increased yield of light oils and converts the residue into air-blown 
asphalt. In Fig. 180 the still A having a pipe, B, leading from a source 
of air under pressure, is so arranged in coils in the still that the air 
passing through B will be heated approximately to the temperature of 
the contained oil before reaching the perforated discharge portion D. 

The oil to be treated is charged into the still, which is then heated 
to the temperature usual in distilling oils. As a spontaneously ex- 



Fig. 180. — Mot hex I of blowing oil with air and steam according 
to J. A. Dubbs. 

plosive compound is formed by a mixture of air and the gases from the 
oils when the latter form between nine per cent and twenty per cent 
of the total volume, care is taken when using external heat to heat 
the oil sufficiently to cause a considerable evolution of gtis before the 
air is admitted. The safe point is evidenced by condensed gases es- 
caping from the condenser. Air is then forced through the pipe B into 
and through the oil, agitating the oil so as to facilitate the disengage- 
ment of the evolved gases. In addition to this agitating function the 
air, which has been previously heated and dried, will take up consider- 
able quantities of vapor and act as a mechanical conveyor, carrying 
these vapors into the condensing coil. 

By the use of air an increase of distillates is claimed to be obtained from the 
oil and the character of these distillates is said to be improved. While the cause 
of this increase in production of light oil is not positively stated, it is believed by 
the investigator that they result from the splitting of the heavier hydrocarbons 

» U. S. Patent 646,639, April 3, 1900 and 1,057,227, Mar. 25, 1913. 
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by tlie combination of the oxygen of the air with some of the hydrogfin of the 
hydrocarbons. It is characteristic of the use of air m distillation, especially when 
applied to (he treatment of California petroleum, that the residuum after evolution 
of the desirable distillates is a true a8])haltum and can be used as such without 
further treatment, while the residuums resulting from the ordinary methods of dis- 
tillation are petroleum tar or pitch. It is generally believed that in the distilla- 
tion of p(‘troleum the gases evolved in passing through the oil carry with them 
some of the heavier hydrocarbons in liquid form and that this mechanical transfer 
of the liipiid hydrocarbons is the cause of the low gravity of the distillate The 
belief is expressed that the air prevents this mechanical transference of liipiid from 
the still. 

In order to prevent the formation of explosive mixtures of air and gas at the 
end of the vaporizing operation, the vaporization should be so conducted that the 
volume of oil vaiior generated should always exceed tw'enty per cent of the volume 
of air and gas at any time in th(‘ still. This can be efT(‘ct(‘d by maintaining 
vaporization by the continued application of a vaixirizing lu'at until the air is cut 
off. The time at. which the air should be cut off is shown by a reduction of dis- 
tillate escaping from the condenser. In practice the air is gradually reducial as 
vaporization lessens in order that the bimiTicial action of the air may be had as 
long as po.ssible 

It has bi'en found in practice that after the apiihcation of heat to the still 
has ceased then' will lie a condensation of the vajiors given oil on the cooling w’alls 
of the still and that this condenseil vapor dropiimg back into the residuum in the 
still has an injurious ctTi'ct. This action can be avoided by forcing steam through 
the still at the end of the operation, llenci' steam is introduced as the air is re- 
duced, th(' volume of steam being increa.sed as th(' air is diminished. The steam can 
be convenii'iitly introduced by connecting a steam supplv pipe C to th(' air supply 
pipe at a point outsidi' of the still. 'IMie amount of air injected is controlled by 
the (piantity of distillate escajiing from the condemser. (leiK'rally stated, a cubic 
foot of distillati' corrc'sponds to about ten thousand cubic feet of gas. Hence, by 
determining the quantity of distillate running from the conden.ser in giyen time' - - 
say one' minute'- the' yeilumo e)f air to be forced into the still eluring the same 
period can be asce'rtained; fe)r exanqile, if the distillate is ('.scaping from the con- 
denser at the' rate of one cubic feiot, a minute, thereby inelu'ating the ge'iie'ration of 
ten thousand cubic feet of vapor jier minute, the attendant will sei regulate the 
. air-injector that about forty thousand cubic feet, of air per minute will be fore'ed 
into the still. After a few' trials, the attendant, by wat.chmg the stream of dis- 
tillate running from the condenser, can determine with sufficient accuraev the 
quantity ('scaping in a given time and will regulate the air-mj('ctor accordingly, 
the capacity of the injector b('ing known. While it is preferred to use external 
heat in connection with the air, the latter may be heab'd sufficiently high to cffi'ct 
the ri'quin'd distillation without apiilying exti'rnal heat to the still. In order to 
carry on the distillation without the aid of external heal, the air, bi'fore reaching 
the interior of the still, is passed through a superheating coil and there heated up 
to the recpiired temperature and then forceil into the still. 

As the (Icmancl for K.-isolinc continues to inciease beyond the supply 
one of the natural tendencies is to endeavor to decompo.sc heavy le- 
siduuins so that part of the latter will be converted into naphtha. The 
great disadvantage of employing heavy residuums is the act la 
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excessive quantities of carbon are formed. Among the methods pro- 
posed for surmounting this obstacle that proposed by W. M. Cross ’ 
is of interest at the present time. Cross feeds heavy residuum into a 
pipe heated to about 300° C. (572° F.) very slowly, with the result that 
complete vaporization takes place as fast as oil is introduced. Con- 
siderable carbon is produced under these circumstances, and in order to 
remove the latter Cross injects air into the apparatus regulating the 
supply of air so that only carbon monoxide is formed. The vapors 
in the pipe or retort arc maintained under pressure by means of a 
throttle valve situated at the outlet. 

J. Rosen ^ blows coal tar with air to convert it into pitch and simul- 
taneously recovers light oils as distillates. 

H, E. Montague ^ constructs an internal coni})ustion engine so 
that the temperatun' of th(' carbureted air is raised to the cracking 
point to break down the heavier hydrocarbons into lighter ones before 
the mixture (‘liters the engiiK' cylinders. 

1 S. Patont 1,320, S.51, Dec. 30, 1019. 

2 U. S Patent 1,250,674, March 10, lOlS. 

« Chem. Abs. 1017, 2274; U. S. Patent 1,227,551, May 22, 1917. 
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CRACKING BY ELECTRICAL METHODS 

The application of electrical eiicrj^y to the problem of decomposinjij 
heavy oils to yi(^kl naphtha and motor spirit, particularly those methods 
that involve the silent electric or corona discharge, represents one 
of IIk', more promising phases of the general endeavor to find methods 
for effecting chemical reactions which are less wasteful than those de- 
pending on the application of heat energy. 

It is known, both practically and thermodynamically, that heat 
cannot quant itively bo conv(U*tcd into useful work, whether that work 
be m(M!hanical, chemical or electrical, whereas at least in the (;ase of the 
electrolytic cell, the conversion of electrical into chemical energy may 
be made to approach quantitative proportions. 

It is not until very recent years that, so far as is known definitely, 
tlu're has been much attempt to apply electrical (‘iiergy directly to the 
decomposition of petroleum hydrocarbons. Those methods that in- 
volve passing hydrocarbons oven* incandescent filaments or bodies 
heatc'd by the r(‘sistance offered to the passage of th(‘ current, are, 
stricdly, not relevant to the subject under consideration, sinc(^ in these 
cases it. is lu'at and not electrical energy that is Ix'ing directly utilized. 
Th(^ use of the silent electric discharge in this connection does appear 
to utilize (decti-ical energy directly. 

The nudhods based on this phenomenon will be taken up first. 

The Use of the Silent Discharge 

. Davidson and Ford ' employ a high tension electric current in connec- 
tion with gas(‘s such as illuminating gas, oil gas, or other gas produced 
by the destructive distillation of coal or petroleum in order to increase 
the amount of fixed or noncondensable constitiamts of these gases. 
This also has the effect of increasing the volume of the treat^l vapor. 

The unit of apparatus used is an elongated electrode axially cen- 
tered within a pipe or long cylindrical vessel. The gas to be treated, 
Xk^hich may be ordinary illuminating gas at any stage of its manu 
facture — for example, at a stage preceding the washing and scrubbing 
operations — is led through the reaction chamber and is subjected to 
the action of a high tension silent electric discharge between t c e ec 

1 Chem. Abs. 1917, 2274; U. S. Patent 1,229,042, June 5, 1917. 
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trocle tfiid the wall of the chamber. The j^eiieral effect of the discharge 
is to cause a breaking up of such components into constituents of lower 
molecular weight, which arc not condensable under working conditions, 
and, hence, to increase the proportion of fixed gases, and to increase 
the volume of gas produced. In actual tests it is stated that the amount 
of methane (CH 4 ) in the gas has been increased from alxmt 25 p{‘r c('nt 
to approximately 40 per cent, while the amounts of olefins were in- 
creased from between 7 per cent and 10 per cent up to between 20 per 
cent and 23 per cent. 

In carrying out tlic j)rocoss on a commercial scale, the apparatus shown in 
Fig. 181 which is similar to that used for electrical precipitation of suspended matter 

from gases, may be usc'd. In this ap- 
paratus the gas is conducted through a 
number of conduits (vertical pipes) A, 
connected at their lower ends to a sup- 
ply headin’ and at their upper ends to 
an outlet headiT, the dischargi' elec- 
trode ]i being wires hung axially in 
the pipes from an insulated support. 
The i)i])es A are grounded and the 
electrodes R are connected to a me- 
chanical rectifier r of the usual rotary 
type, includi'd in the high tension cir- 
cuit of a step up transformer 1), the 
rectifier having a ground connection. 
The rotor of the rectifier is driven in 
s\nchronism with the alternating cur- 
rent in usual manner and the stator 
contacts of th(‘ rectifier may be placed 
so as to interm})t the circuit at any 
desired phase relation. liy this means 
the circuit may be broken under con- 
ditions w hich may cause more or less 
surging and the amount of surging may 
Fig. 181. - Ga.9-treating apparai ii.s, ao- uifi-easc.l or drcrra.so.l as closirod. 

cording to David.son and ford. s"""' 

be carried out by applying alternating 
current from an alternating circuit or from a transformer directly to the gius to be 
treated, without the use of any current modifying means. 

Cherry ^ subjects a mixture of burning oil or gas oil vaf)ors, mixed 
with natural gas to the silent discharge of a bipolar oscillating higlj 
frequency current. Under certain operating conditions an 84 per cent 
conversion of burning oil (kerosene) into na{)htha with an end point of 
400° F. is reported. 

The reaction chamber in which the above conversion is stated to 

' Trans. Am. Electrochem. Soc. 1917 (32), 345-372. 
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take place (see Figs. 182, 183) consists of vertical steel pipes 34 •feet in 
length connected in series by means of tees to form one continuous 
pipe. These tubes are wound with specially insulated copper cable 


UJI02^^ 

•c/ns 





through which passes a current for heating the reaction tubes by in- 
duction. The method used consists in passing mixed vapors of natural 
gas and kerosene or gas oil, at about atmospheric pressure, through 
the reaction tubes, heating the mixture of vapors and simultaneously 
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subjecting them to a silent discharge of very high tension and very 
high frequency. To accomplish this, a discharge electrode is suspended 
in each tube, the walls of the tube acting as the receiving electrode. 

The voltage necessary to accomplish the conversion noted above 
is stated to be upwards of 100,000 volts ‘ witli a current of 3-5 am- 
peres. The periodicity, also, is required to be of an unusual valium 
(above the point of audibility, which is given as about 35,000 vibrations 
per second). High frequency is said to lead to th(' production of low 
boiling compounds, the higher the frequency the lower the boiling range 
of the hydrocarbons produced. 

As a possible explanation of this elToct of high frofiuency it is sviggosted by Cherry 
that there may be a quantitative relation between the rates of vibration of the mole- 



Fig. 183. — Cherry’s apparatus for applying the silent diseharge of high-frequency 
electric currents to oil vapors. 


cules of the liydrocarbons formed, on the one hand and on the other of the fre- 
quencies of the electrical discharges. The voltage or potential i.s such that the’ 
maximum amperage pa.s.se.s through the gases without causing arcing. The high 
frequency e(iuipment is capable of producing high frecpiency current from 15,000 
to about 250,000 volts, and has a capacity,- it is said, of converting into gasoline 
about 00,0(K) gallons of oil in 21 hours. 


The 34-foot reaction tub(‘s are connected to a seven ])arrel still 
which distills kerosene at the rate of about one gallon a minute. During 
the distillation two culiie feet of natural gas per minute are forced 
through the kerosene in the still (the gas at a pressure of 2 pounds per 
square inch). Lhider these conditions, and with the high frequency 

^ Cherry, Trans. Am. Elcctrochom. Soc. 11117 (32), 351. 

2 Cherry, ibid. p. 358. ^ Cherry, ibid. p. 3G9. 
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high tension discharge referred to above, 84 per cent of the kerosene 
passing through the heat(Ml tubes is stated to have been convert('d into 
naphtha with an end point of 400° F. One important consideration 
is the statement that no carbon deposit whatever is encountered so 
long as th(^ high frequency current is maintained ' although the temper- 
ature of the reacting gases was carried in some instance's as high 
as 480° C. (about 900° F.), also that the product is free' from the 
elisagreeable e)de)r of ordinary cracked gasoline, inelicating a high 
“ saturated ” value. 

Dispiissinf!: tho theory of the process, C/herry states. ^ “If we could eherniciilly 
unite, in proper proi)f)rtion and form, sutrieient methane, or liyflrof^en, to certain 
of the heavier hydrocarbons, we could produce synthetic gasoline. The amount of 
^as necessary to do this is surprisingly small, as will b(‘ seen from the following 
table of the i^araflin group which shows the percentage, by weight, of carbon and 
liydrogen in the diffiTent steps of the series; 


• 

1 


P(‘r (\mt C 

Per (Amt H 

Name 

Symbol 

Mol. Wt. 

(by wt.) 

(by wt.) 

Mi'thane 

CUL 

10 

7.") 00 

2.0 (K) 

JOthani' ...'.. 

(^>Hr. 

30 

SO. 00 

20 00 

Propane 

c,lh 

41 

SI SI 

IS 19 

Butane 

( hi bo 


S2 70 

17 21 

Pentane 

G,Hr> 

72 

S3 33 

10 07 

Hexane. . . 

(hi lu 

SO 

S3 72 

10 2S 

Heptane 

(hlbr. 

UK) 

S4 (K) 

10 00 

Octane 

(Albs 

i HI 

84 21 

1.5 79 

Nonane . . . 

( 

12 s 

SI 3S 

15.02 

Decane , . . 

(hoII.>2 

142 

S4 .^)1 

15.49 

T^ndt'cane. . . . 

CuU,, 

I.')!) 

SI 02 

15 38 

Dodecane. 

(h'.’IIof, 

170 

S4 71 

15 29 

d'ridecaiK' 

Gi,-jH2S 

ISl 

SI 7S 

15 22 

4Vtrad('cane 

(hlHso 

IDS 

SI 8.0 

15 15 

Pentadecane. 


212 

S4 91 

15 09 

Hexadecane . . 

(^61134 

220 

SI. 90 

15.01 

Heptadecane . . 

C 17 H 30 

210 

S.0 00 

15 00 

Octodecane 

CinHas 

2.>1 

S.7 01 

14.90 

Nonodecane 

ChgILo 

20 s 

S.7 07 

11.93 


“^rhe small increase in percentage of hydrogen necessary to convert some of 
^he heavier fractions of crude oil into the lighter and lower lioiling point com 
pounds is thus shown. For example, heptane ((yiHiG) contains only O.ol per cent 
more hydrogen than decane. On account of the cost of producing hydrogen na- 
tural gas (which is composed mostly of methane, OIL) was suggested as eing 

^ (/herry, Trans. Am. Elcctrochem. Soc., 1017 (32), 301. 

* Ibid. pp. 340 and 347. 
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the mos^ desirable, and the following equations illustrate the possibilities of using 
methane gas (CH^) to combine with the heavy, high boiling point hydrocarbons, 
to obtain low boiling point products, if it were possible to obtain such reactions: 


Dodecane CiolLe f 2 ((dl 4 ) - 2(07! be) 4 - Ha 

Pcntadecane U1JI32 + 3 (CH 4 ) = iKCelln) 1 - H2 


Cherry makes the following statcunent regarding the possible effect 
of electrical rupture of hydrocarbon mok'cules; 

“After studying the electromagnetic theory of matter it was conceived, that, 
if the only dilTerence that existed between carbon and hydrogiai (or between two 
hydrocarbons such as methane (CII 4 ), and nonane (Ugll^o), was the number and 
organization of infinitesimal units of eh'ctro-radiant ('iicrgy which we are jileased 
to term electrons, and that if we mechanically mi\(‘d the vapors of a hydrocarbon, 
such as nonane (Cglljo), with methane ((^ 114 ), or natural gas, and irnpn'ssed upon 
this mixture electro-radiant energy of the proper periodicity, tone, or keynote, w(‘ 
would be able to break up the 'electronic solar system’ of th(' molecules and 
cause them to vibrate or 'dance to new music,’ and on leaving the zone of elec- 
trical action they would assume some natural organization and periodicity de- 
pending, to some extent, on the freipiency of the energy impressed upon them, 
and on physical conditions, such as temperature and pressure.” 

Tho following datii on power eonsumption and costs is giviui by 
Cherry: ^ 

One kilowatt of electri(;al energy used in the naiction tubes will convert 
lOOtJ gallons (37S5 liters) of distillate in 2t hours, or a fiO-K.W jilant should 
convert about 00, (MK) gallons (227,100 liters) per day; a total of 1110 K.W. -hours 
are required for tho oscillatory curnmt, to tr(‘at 00,0{K) gallons (227,100 liters), 
[t has been found by experiment thal- 40 K U'.-hours of (‘h'ctrical energy are re- 
quinxl for heating the reaction tubes while producing 00 gallons (227 liters) per 
hour, and if the ratio holds true for a 00,000-gallon (227,100-hter) plant, it would 
take 39,300 K.W.-hours for heating tho n^action tubes, while ()0,000 gallons (227, 1(X) 
liters) were being converted; this added to 1410 I\ W . -hours would make 40,.S00 
K.W.-hours total energy required, which at a c«)st of 0 0 cent per K.W. -hour 
would make a total of $244 80, or about 0 4 cent, per gallon. 

Superheated steam may be used with the gas, or may be used alone. When ' 
steam is used, it is decomposed in tho reaction tiilx's, the nasciait hydrogen unit- 
ing with tho hydrocarbons, and the oxygen uniting with carbon, forming carbon 
monoxide. This is trapped off at the tail of the condimser, and may be burned 
under the still. Artificial gas may be u.sed where natural gas is not available; in 
fact, any hydrocarbon or hydrogim-carrying gas may be used. Two or more liquid 
hydrocarbons of different gravities and boiling points may bi; mixed and treated, 
and a compound of different characteristics from any of the original compounds 
obtained. 

While operating, the temperature of the oil in the still is maintained a few 
degrees below the point that wmuld cau.se it to distill ov(t and the gas going in atr 
the bottom of the still rises through the oil and acts as a carrier for the oil vapors. 
In this w'ay, good control of the velocity through the chambers is maintained. 


Cherry, ibid. p. 363. 
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Some of the advantages of this process are stated as follows: Treat- 
ing chamber equipment comparatively cheap; easily built and installed; 
small depreciation, as compared with cracking equipment, where pre- 
cipitation of carbon, together with corrosive action of products of 
combustion with which they are heated, tends to destroy the plates 
and tubes. It is observed that the apparatus may be an attachment 
to the ordinary refining equipment, and utilizes the stills and conden- 
sers, agitators and tankage already installed. By converting the dis- 
tillates between the benzine fraction and that part in which the lubri- 
cating oils are found, it is possible, it is said, to increase the output of 
gasoline 200 per cent. 

Cherry ^ proposes a vertical still heated by electricity. A tubular anode sus- 
pended in the center of the still causes 
an upward cinadation of oil, due to 
vai)ors released and also to the differ- 
ence in (einperature between the oil 
in the center and that close to the ex- 
terior of the still. This strong move- 
ment carries the finely divided carbon 
to the top of the anode and down 
through it to a .settling tank where it 
s(‘ttle.s out.^ After settling the oil is 
again carried through the cycle. This 
process is claimed to do away with 
carbon trouble. 

In Robertson’s electric dis- 
charge process ^ one electrode is a 
cylindrical vessel or retort, the 
{)th('r is a comparatively large 
graphite electrode suspended in 
the retort. 

An apparatus proposed by Robert- 
son is seen in section in Fig. 184; A 
and B are retorts surrounded by the 
hot air jackets J and K. G and P are 
the graphite electrodes. 0 is an oil 
supply. Vaporization takes place 

(under pressure) in retort A by means of heated air blown through the jacRet 
The heated hydrocarbon vapors are saitl to be subjected to an electric discharge 
which passes between electrode G and the walls of the retort A and arc then re- 
ft-eated in a similar manner in the retort B, through which the vapors pass, on 
their way to a condenser (not shown). The treated vapors are condensed under 
pressure and light hydrocarbons separated from heavier ones. 

* Chem. Abs. 1919, 2591; Oil aiifl (!as J. (1919), (IS) Nd. 10, (>8-9. 

» Chem. Abs. 1917, 3118; U. S. Patent 1.238.339. Auk. 28. 1917. 
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W.^ A. Schmidt and E. R. Wolcott ^ describe a special method for 
applying a high tension electric discharge to a single phase or two 
phase system (gas phase or li(iuid gas phase). The essential feature is 
a method whereby the discharge is applied in the form of successive 
surges of electrical energy, each surge being of short duration and 
taking place at very high potential. The idea, apparently, is to sul> 
ject the reacting substances to “ ionizing conditions and to avoid, 
as much as possible, the decomposition of the products formed by the 
chemical reactions. 


Figure 185 shows an apparatus for treating oil vapors. The casing, 
or reaction chamber A, is the receiving electrode and in it is suspended 

the discharge electrode B. 

^'\lvvj I A is grounded. A rectifier 

j— ^ 1 is used to create the 

Ijl *"' ^ surges mentioned. It con- 

sists of a plate C and an 
ii el(‘ctrode D. Th(‘ plate 'C 

A-> hL -* i« (‘onnected to the dis- 
jj charge elcctroch* B; and 

"I ^ the electrode D is con- 

neeted to lh(‘ secondary 
coil of a transformer E. 
— 1 ^1 H? secondary coil of the 
^ transformer is also 

r **| 5 f grounded, as is the casing 

r~ I A. The (‘lectrode D is 

I— f mounted in an insulated 

casing, to which com- 
Fig. 18."). — High frcHiuency, high potential ap- pressed air is supplied by 

sssjssr ■" » tlc c»i,« i« 

constructed so that air is 
blown in the line of discharge IxM vveen the electrodes D and C of 
the rectifier, to produce the desired surge's. 

Oil vapors, generated in the still, pass upwardly through the tube 
A. They are there subjected to successive sui’ges of a high frequency 
high potential current. Reaction products pass to the condensers 
shown at the right. Gases may be mixed with the vapors prior to 
the treatment of the mixture in the tube A. 

In explaining the action of the rectifier in producing a discharge 
which is more effective in accelerating chemical reactions, it is said that 


' U. S. Patent 1,307,930, June 24, 1919; sec also Wolcott and Reber, U. S. 
Patent 1,188,597, June 27, 1916. 
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the (Tfect is to produce sudden impulses of high potential and j^articu- 
larly to produce surges or oscillations, in the circuit in which it is con- 
iK'cted. h^ach impulse or surge is of short duration, so that the energy 
of the surge is applied to the gaseous medium at high potential during 
an extremely limited time, the high potential resulting in ionization 
and discharge while it lasts, and the shortness of the time preventing 
tlu^ ionization from accumulating so as to cause break down or dis- 
rupt ion. It is said to be characteristic of these surges that the potential 
diff(a*ences caused by them arc much greater than the applied potential 
difference in the circuit, pi’oduccd by the transformer, the surge being 
diu; to inductance effect resulting from sudden variation of the resist- 
ance of the circuit by breakdown of the gap between the electrodes 
of the i ectifi('r. It is essential that a considerable amount of the energy 
of the discharge shall consist of energy due to surging current or of 


sudd('nly varying current of steep wave front. 
Apparently the conditions under which the ap- 
pai’atus is operatiMl are not such as to produce 
sustained high fnnpK'ncy oscillations, as no provi- 
sion is mad(i for an oscillation circuit, including 
capacit y and inductance devices designed to pro- 
vid(! for resonance in a local discharge circuit. 
On the contrary, the impulses produced by the 
apparatus and whi(!h are found to be especially 
('fft'ctive in disseminating emn’gy into the gas, are 
in the natur(‘ of isolated impulses, in which prac- 
tically all of the eiK'rgy of each impulse is de- 
livered and dissipatial in a single surge or wave 
and is not alternately stored and released as in 
the cas(! of an oscallating current. 

Methods Involving Contact with Bodies 
heated by Resistance 

Adams ‘ has (hwised an interesting process 
for converting kia'oscne into gasoline. He main- 
tains a constant level of kerosene in an upright 
cylindrical vessel. An electric resistance device 



(see R, Fig. 186) is kept submerged beneath the 3 , 51 , 

•surface of the oil. (bracking is stated to take place electric heater, 

practically instantaneously by contacting the 

liquid oil with the resistance rods which are maintained from cherry 
red to a white heat. The vapors formed pass up into the vapor space 
1 United States Patent 976,975, Nov. 29, 1910. 
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S and axe constantly removed so that the pressure in the apparatus 
does not rise above five to ten pounds per squaixi inch. 

The heating elements R are closely surrounded by a heat insulating 
cylinder I. This feature aids in preventing the vaporization, without 
cracking, of portions of the oil remote from the heating elements. The 
heat insulating cylinder is open at both ends, and since fresh oil enters 
through the pipe E, the oil must flow upwardly past the electrical 







Trap for 

' Uncfins/er^ecf 0f/-> 


Fig. 187. — Adams’ electrically heated still. 


resistance. The level of oil is kept constant by regulating the supply 
of fresh oil and the removal of vapor from the chamber S. Keeping 
the heating elements at all times submerged reduces danger from 
explosions to a minimum in the vapor space even in the presence of 
air or oxygen. The heavier vapors may be returned to the reaction 
chamber to be retreated. It is stated that kerosene of 45° B6. gravity 
may be readily changed into a lighter oil of at least 67° by suc- 
cessive treatments. 

Figure 187 shows an assembly of another electrical or distilling and 
cracking apparatus used by Adams. ^ Treatment takes place either by 
a gravity feed, without pre.ssure in the convertor, or by forced feed when 
1 U. 8. Patent 1,320,354, Oct. 28, 1919. 
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pressure is used. A float feed device is employed only witli gravity feed. 
Oil flows either up or down past the electric heater and the latter 
may be stationary or rotatable. Unconverted vapors are condensed 
in a scries of dephlcgmators and returned to the main reservoir for rc- 
treatment. Details of the heater are shown in Fig. 188. 

Wassmer^ uses electrically heated conductors for cracking oil vapors. 


Benham ^ forces crude oil through a porous plate, siudi as unglazed 
porcelain. The oil in its passage through the pores of the septum or 
plates is simultaneously subjected to high temperature and an electric 




potential which is impressed on the moving oil by nu'ans of grooved 
metallic surfaces insulat('d from one anotlier and situated on opposite 
sides of the plate. 

In some of the apidications of the proc(‘SS, it is ])roposed to utilize, 
for heating the oil, the exhaust gases from a gas engine cylinder, or from 
the tubes of a boiler. The object is the pioduction of gas and vapor 
from liquid fuels. One of the proposals contianplates operating the 
process in conjunction with a gas engine as an integral part of the 
appliances of the latter. 

Reid® destructively distills solid bituminous matter, for example, 
coal, asphalt or shale, by means of the heat devcdopcal when a h(‘avy 
electric current passes through these substama^s mixed with lime and 
charcoal. The lime is said to react wdth tlu* carbon h'ft as a residue 

» British Patent 26,9.% (1009). 

2 U. S. Patent 1,010,124, Oct. I, 1912. 

» J. S. C. 1. 1917, 637 A; United States Patent 1,224,788, May 1, 1917. 
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by the (listillation of the bit ii mi no us matter and forms calcium carbide. 
Appaiatus is shown in fig. 189. C is the retort or convertor, E and E' 
the electrodes and R a reservoir for condensed products. 

The production of calcium carbide from bituminous shale and lime, 
and the lecovery of the tar or volatile products evolved during the 
action of the electiic current on the composition is described. 

A mixture of pulvej'ized bituminous shale and calcium oxide in th(' 
proportion of one hundred pounds of bituminous shah' to 150 pounds 
of calcium oxide, are thoroughly mixed and introducc’d into the n'tort. 
It IS stated to be advisable to mix with this composition aliout 5 per 



fig. 189. Reids apparatus for distilling coal, bitumens, etc. 


cent of granulated charcoal in ord(*r to produce a resistanci* conductor ” 
and provide for starting the passage of the idectric cunvnt at a com- 
paratively low voltage, in order to initially heat the mass and rendiu’ 
it more or less porous so that tiie volatile products produced may Ix' 
readily evolved. When the mi.xturc has been introdiic(‘d into tlu' 
apparatus a current of electricity i.s pa,s.sed throuRh the mass. As tin* 
current passes, the heat generated causes the evolution and distillation 
of volatile products which condense and accumulate in the rescu’voir. 

When all the volatile produet.s have been distilled off, the residual non- 
volatile carbonaceous matter fissociated with the lime* i.s heated to a high degree* 
and thereby converted into calcium carbide. 

Lamplough ’ heats the vapor from a heavy oil to a t(‘mporature 

1 Chem. Abs. 1917, 1746; J. 8. C. I. 1917, 25; Rritish Patent 16,850, Nov. 30, 
1915. 
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approximately 2o° to 50° C. (77°-122° F.) lower than that at whicli 
fixed gas is formed or at which cracking will occur. The heated vapor 
is llien passed over electrically heated elements maintained at a dull 
red heat and the resulting products arc led to condensing apparatus. 

Figure 190 sliowsa cross section of an apparatus described by Hirtd 
Oil and steam under pressure are supplied through pipes 0 and S, re- 
sp(‘ctiv('ly, to the' reaction chamber K, and the products of the reac- 
tion in l(‘aving the chamber expand through valve V and pass through 
chaml)er R, thereby preheating the supply of oil and steam. The 



I)roducls leave chamber K tlirough pipe T and are further cooled in 
th(‘ coils W. 

The reacting substance's are' subjecte'd in the* reaction chamber to 
the influemce' of an ele'ctric arc. The pre'ssure of the reae^ting gases 
can be‘ e’entreilleal i)y the e\xpansion valve V anel the temperature of 
the re'actie)ii is rc'gulated by the rate of passage* of gases j)ast the clcc- 
tre)d(*s >S and S'. 

Instoad of strain, any other gas which yields or eonlMins liydrogen may be em- 
ployed, for example, natural gas. Air or oxygen may he used in order to convert 
free carbon to carbon monoxide. Chlorine may be introduced through pipe G 
to combine, it is stated, with carbon and form carbon telrachloride. The lower 
part of the reaction chamber may J)e packed with catalytic material to assist in 
the completion of the reactions. 

Maxim, Streatham and Crosse ^ convert- paraffin oil into a light 

^ Met. and Clhern. Eng. 1010, OS; U. S. Patenhs 1,250,<S70, Dec. 18, 1917, and 
1,222,402, April 10, 1017. 

2 Chem. Abs. 1910, 72; J. S. C. 1. 1018, 617A; British Patent 118,122, 
Aug. 18, 1916. 
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volatile* spirit and a heavy oil suitable for lubricating purposes by 
agitating and heating the oil under pressure, and at the same time sub- 
jecting it to electrochemical action. The process is carried out in a 
long steel cylinder, mounted on hollow trunnion shafts midway its 
length. The interior surfaces arc all heavily coated with copper. 
The cylinder is heated by a gas burner situated beneath, and the gas 
supply to the burner is regulated by a device placed on one of the hollow 
trunnion shafts, and actuated by the changes of pressure within the 
cylinder. The other trunnion shaft carries a prc'ssure gage. The cylin- 
der is first charged to about a quarter of its capacity with paraffin oil, 
to which is added a small quantity of an electrolyte (e.g., an aqueous 
solution of common salt or dilute sulphuric acid) together with small 
pieces of zinc, or V-shaped copper-zinc couples. The air inside the 
cylinder is pumped out, and, if desired, hydrogi'n, which may be under 
high pressure, is admitted. The cylinder is then rotated over the 
heater until the internal pressure is raised to about 300 to 500 pounds 
per square inch, which is kept constant for several hours. 

This method apparently aims to decompose the heavy oils in the 
presence of electrolytic hydrogen with a view to obtaining saturated 
light oils. 

In order to effect the hydrogenation of petroleum distillates 
J. A. Yunck ^ heats an emulsion of oil and water in a closed retort or 
autoclave and subjects the emulsion to electrolysis. The mechanism 
of the reactions is not definitely elucidated but it is stated that by 
treating kerosene in this manner large yields of 62^^ Be. naphtha are 
produced. 

1 U. S. Patent 1,345,65(3, July 6, 1920. 



CHAPTER XXIII 

THE CONDENSATION OF HYDROCARBONS FROM GASES 
NATURAL GAS AND CASING HEAD GASOLINE 

Casing head gas is the name given to the hydrocarbon gases which 
issue with the crude oil from the petroleum wells. In the early days 
of th(‘ petroleum industry the casing head gas was n^garded and treated 
as a waste product, which after being utilized as far as possible for local 
heating and other purposes was simply burned as the easiest method of 
disposal, in enormous jets which incidentally provided a tropical climate 
Ln th(‘, immediate vicinity and illumination of the surrounding country 
on an unnecessarily lavish scale. 

The composition of the gas varies from well to well, and two different 
(pialitK's of gas are n'cognizcd and distinguished by the terms “ dry 
and wet/’ The dry ’’ casing head gas may consist almost entirely 
of h 3 alrogen, methane, ('thane, propane, and butaiu', while the wet 
gas may contain these' and in addition the p('ntan('s, hexaiu'S, and 
heptanes, the only normally li(iuid constituents of crude oil which at 
ordinary underground tc'inperatures have vaf)or pivssun's of such 
magnitude that t hey are distilled in (plant it y from tlu' (‘rud(' oil. (icnci- 
all^" Sfieaking, the amount of gas from an average well, according to 
J. G. Annan/ will amount to seve'ral thousand cubic feet per 24 hours, 
and several such we'Ils have to be grouped in order to pnwide a volume 
of gas large enough to r('nd('r the gasoline extraction reinuneiativc. 

. There are two systems of casing head gasoliiu' extraction, termed re- 
spectiv('ly the compn'ssion and tlu^ “ absorption ” firocess. The 
(^impression process is most utilized at pres(‘nt, but as the drier gases 
come to be dealt with the absorption process must also be utilized to 
a corn'sponding extent. For gases yielding l(‘ss than gallons of 
gasoline per thousand cubic feet the absorption process is preferred. 
In the compression process the gas from sev(‘ral wells is piped to a 
9onveni('nt center, where one or more singh' or double stage com 
pressors are installed which force the gas at a pressure of from 50 to 
800 pounds, depending on the nature of the gas, through a scries of 
water cooled metal condenser coils, in which the casing head gasoline 
1 J. S. C. 1. 1917, 243. 
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separatas and is collected in suitable tanks also under pressure, while 
the incondensable gases are piped away to the point of consumption. 
One single unit compressor plant will handle about 500,000 cubic feet 
of gas per day. 

The absorption process involves passing casing head gas, usually 
under pressure, through heavy oil, in which the heavier constituents of 
the gas are dissolved and retained by the heavy oil, while the unabsorbed 
“ permanent ” gases pass away to the point of consumption as before. 
By a steam distillation of the heavy oil the casing head gasoline is 
subsequently recovered and stored in tanks uiuLt pressure. The 
composition of casing head gasoline is more' complicated than might ])e 
imagined from its Jiicthod of recovery. The physical chang(‘s occur- 
ring under compression and cooling comprise not only condensation 
of vapor and li(|uefaction of gases but also the solution of tin* residual 
gas(\s in the liquids so produced. GeiK'rally speaking, howevei’, tlui 
cond(‘nsate going to the tanks consists principally of hexane, pentane, 
and liquefied butane, but som(‘ heptane and licjuefied propane are also 
present. The yi(‘ld of casing head gasoline vari(‘s with the composition 
of the gas, and ranges from eight gallons for a rich gas down to a tract ion 
of a gallon per thousand cubic feet for a poor gas which would not 
repay the cost of gasoline recovery. The average yield, however, 
amounts to about 2 } gallons per thousand cubic feet. The* total pro- 
duction of casing h(‘ad gasoline, which amount(‘d to only a hnv thousand 
gallons in 1904 and to 30,000,000 gallons in 1913, rose in a few years 
to a production of over two hundn'd million gallons. 

At one time much of the casing head gasoline was shipped as such, 
but owing to its excessive volatility it was unsuitable as a motor spirit 
and somewhat dangerous to transport on account of flu; pressiu'cs 
liable to dev(‘lop under weather conditions, which were by no means 
abnormal. Huch pressures, amounting sometimes to about 50 pounds 
per square inch, were, considcaing the nature of th(^ material, not 
desirable. One method of minimizing this objection was to “ weather ’’ 
the gasoline by exposing it more or less freely to the atmosphere, so that 
the more volatile constituents were dissipated, but the losses thus in- 
curred were very excessive and often amounted to 50 per cent in 
twenty-four hours’ exposure. The method now generally followed, 
however, is to mix the casing head gasoline with heavy naphtha in 
suitable proportions, causing the objectionable excessive volatility to 
be larg(‘ly reduc('d, and the mixture can be shipped and marketed as 
motor spirit. The specific gravity of casing head gasoline is often as 
low as 0.030 and occasionally as low as 0.009 from a second stage com- 
pressor. Taking, however, an average figure of 0.045 to 0.048, the 
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^asolitK' is mixed with naphtha of about 0.753 to 0.761 specificgravity 
ill equal proportions, sivinji; a blended Si^-soline or motor spirit having 
a specific gravity of about 0.700 to 0.705. Such a siiirit would, as far 
as specific gravity and general appearance are conci'rned, be indis- 
tinguishal)l(^ from a straight or normal refinery product, but the 
gri'at (liffenMice in composition would be disclosed by the results of a 
fractional distillation. Where the blending has lieen unskillfully 
carrii'd out a motor spirit of unsuitalile quality might be easily obtained, 
and the un(*ertainty regarding this has lead the authorities to investigate 
the admissibility of fixing a standard of quality to which motor spirit 
should conform. 

J. D. Northrop,^ roviewinij; the rocovcrv of gasoline from natural gas, states 
thal of the f(‘w industries that may be considenal direct otTshoots of tlie natural 
g;is industry tlu* rec,overy of gasoline from natural gas is the only one that has 
tlius far attiiined spi'cial importance Though still in jirocess of growth, th(‘ na- 
tural gas gasoline industry has become a material contributor to th(‘ domestic 
supply of motor fui'ls from a source whose potentialities in the production of motor 
fiK'l an' as yet only partly developed. 

Although the foundations of this industry were laid in 1003 and 1001 by the e\- 
periiiK'nts of Fasenmeyer n("ir Titusville', Pa , of Tompsett Brothers near Tidioute, 
Pa, and of* Sutton Brothers at Sistersville, W. Va , and were ext<*ndod during the 
period betwc'cn 1005 and 100<S by the experimc'nts of Richards at Alayburg, Pa., 
(d Hollingshead at Bradford, Pa., of McCarty at Bolivar, N. Y., of Gray at Kinzua, 
Pa , and of others, tittle headw'ay wa.s made it is said until 1000 and 1010, when 
the researches of Peterson and his associates on the engim'c'ring staff of the B(‘s- 
sc'iner (las iqigine Co., of (trove' (hty, Pa., transforme'el the industry from an ex- 
perimental basis to a comm('rci:d one. 

Its subsofiuent growdh has be'on fihenomenal. In 1011, the' first year for which 
statistics on the' subjee't are' available, 170 plants in nine State's jirodue'Oel 7,425,830 
galleins e)f raw gasoline freim natural gas. In 1017, only six \ears later, 880 
plants in 12 State's preieluce'd 217,884,104 gallems, a gain m that brief ])erie)il of 
403 per cent in tlie number of ])lants anel of 2834 jier ce'iit m the annual ciiitput 
of raw' gasoline. 

Prieir te) 1010 the greate'r iieirtion ejf the gaseiline re'covere'el from natural gas 
was eibtamed frenn casing heael gas, oil well gas, eir “ we-t ” natural gas by metlmels 
inveilving compre'ssion anel onelc'nsatiem. Mue'h e)f the eaitimt came, eif course, 
freem jdants spee'ially ele'signe'el anel imstalleel to receiver the ga.se)line' vapors carried 
by gas of that tyjie; but a fair propeartion, particularly m the Aiijialachian oil 
fii'lel, was re*e’e)vered incielentally by the use eif simjile anel rc'latively inexpensive 
cemelensing ap[)aratus connected wHh vacuum ])umi)s installed to expedite the 
preieluctiein eif oil, anel some' was receivereel as drips frenn gas transmissiein line's. 
Since* 1013, however, a steadily increasing pre)pe)rtie>n eif the annual emtjnit of 
natural gas gasoline has been recovereel by the absorptieni preicoss. The develop- 
ment of this j)roe*ess that feillow'eel research w'ork deme in 1012 and 1013 by G. M. 
Sabolt, a e-hemical engineer of the Hope Natural Gas (^i., has extended the scope 

^ Mineral Hesources of the Unites States, 1917-Part 11, Alarch 17, 1919; 
U. S. Geological Survey. 
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of the i^tural gas gasoline industry to include types of natural gas containing 
too little gjisolinc to warrant their successful treatment by compression methods 
— types that constitute about 50 per cent of th(‘ natural gas profluced in the coun- 
try. With the scope of the industry broadened to include practically every type 
of natural gas found in the United States, its growth since 1913 has been in the 
direction of increased capacity for production of gasoline rather than in a direc- 
tion that would tend to determine what other jiroducts 
could be derived from natural gas by variations in the 


methods employed to recover gasoline. This phase of the 


industry is now receiving attention, and substantial progress 



Fig. 191. — Relative 
quantity of raw natural 
gas gasoline sold in the 
United States annually, 
1911-1917. 


has already been made in the recovery of liipiid projiaiie 
and liutane from natural gas in conjunction with the recovery 
of gasfiline. h^xperiments have demonstrated the feasibility 
of recovering these two substances at absorption gasoline 
plants at little additional cost for ciiuifmient and operation, 
and since May 31, 1917, an auxiliary plant of this kind, 
having a potential capacitv of 2000 gallons of liquid jiro- 
pane and 2200 gallons of licpiid butane a day, has been in 
operation in West Virginia. ‘ 

Liquid propane and iKpiid butane have fu('l values 2 5 
to 3 times that of natural gas and havc^ beim found suit- 
able for" u.se in cutting and welding metals, in heating and 
lighting dwellings, and, Avitli the substitution of a gas 
mixer for the carburetor, as a source of j)o\\,er in inter- 
nal-combustion engines, both stationary and automotive. 
Laboratory experiments have shown the possibility of 
obtaining from the gaseous forms of propane and butane, 
under certain conditions, as high as 27 and 3S jiounds, 
respectively, of carbon black per thousand cubi(* feet of gas 
treated. 

'rhesc are only first rc'sults of scientific research applied 
in the recovery of gasoline from natural gas. They arc 
sufficient, however, to show that this research, if pursued 
to its conclusion, will give the resources of natural gas still 
remaining in the United »States an increase in utility and 
value that may in sonu* measure ofT.s(‘t the loss by the 
notorious j^rodigalitv and waste that have heretofore 
marked our u.se of this valuable hydrocarbon. 

The growth of the natural gas gasoline industry in the 
United States is shown graphically in the accompanying 
diagram (Fig. 191). 


The separation of butane and projiano from tlu^ gasoline’’ hydro- 
carbons in natural gas is dixscribed by Garner and Cooper ^ The gas 

1 Of the gasoline produced in 191<S, 7.5 per cent was from natural gas according 
to E. G. Sievers (Chem. Abs. 1920, 1753); Oil and (las Journal (1920) (18), No. 45, 
68, 70. The average daily production was 774,083 gallons and the total (for 1918) 
282,535,550 gallons. Ten of the thirteen states engaged in the iruhistry showed an 
increa.se in production. Oklahoma leads in both compression and absorption gasoline. 

* U. S. Patent 1,307,353, June 24, 1919. 
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is first subjected to pressure and then go(‘s through absorbers. The 
enriched absorption oil is then tlistilled in steam stills under a pressure 
approximately that used in the absorbers and at a temperature of about 
95° to 110° F. (35°-43° C.) The purpose of this pressure distillation at 
low temperature is to effect a partial separation of propane and butane 
from the gasoline hydrocarbons. The latter remain, in large part, in 
the absorption oil: Some propane and butan(‘ arc also left in the oil, 
that is, the pressure distillation is not carried to the point where pen- 
tane, hexane, heptane and 
octane begin to come (^^rrtpresson 

over. The wash oil con- 
taining gasoline hydrocar- 
bons is then distilled with 
steam. Gasc's which do 
not condcns(' in the con- 
denser an: united with 
those distilled off in the 
pressure stills, or retorts. 

In this way a concentrated 
mixture of propane and 
butane is obtained. This 
is tlu^n pumped into a 
long inclined pipe, where 
at a pressure of about 
130 pounds butane com- 
mences to li(iuefy at ordi- 
nary temp(‘ratures, it is said, and is drawn off at the bottom of the 
I)i})C‘. By increasing the pressure to about 050 pounds propane is con- 
densed. 

J. L. Gray ^ sums up t in' basic features of an apparatus for recovering 
gasoline from natural gas by thecomiiression nudhod as follows (Fig. 192) : 



Fig. 192. 


— Diagram of comjin'ssion jiruces 
desrnlx'd Uy J. L. CJray. 


(1) A compi’essor, 

(2) A condenser, 

(3) A ri'lief valve, 

(4) A separator and trap between the ndied valvi' and condenser. 

In 1911 Saybolt’* brought out .a method for eireulating natural gas 
under pressure (not less than dO pounds per sejuare inch) in contact 
with absorl)ent, oil. One of the proposals eonsists in maintaining a 
number of series of .absorbers, the different seri('s being connected in 


‘ U. S. Patent 933,970, S'pt. tl, 1909. 
> U. S. P.atcnt 989,927, April 18, 19U. 
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parallel, the details of this arrangement depending on the quantity of 
gas being treated, its naphtha content, degree of absorption desired, 
etc. (Fig. 193). The absorbeis arc packed with contact matc'riab 
In general, the extraction ol condensate naphtha takes place on the 
counter current principle. 

1 he saturated wash oil is then jiassed through a heat exchanger to 
a steam si ill to be stripped,’^ and subsequently returned to the ab- 
sorbers. The hot, stripped wash oil, on its way back to tln^ absorbers, 



is passed through the saturated oil and then through a cooler, before^ 
being subjected anew to absorlxait aclion under pr(‘ssuj-(‘. 

E. SchilP compresses casing head gas, natural gas or refineiy still . 
gases containing gasoline and oth(‘r light h^alrocarbons such as pi'iitane 
in the presence of a finely divided la^at absoibing ” body which 
possesses high specific heat, the property of absorbing water, and the 
property of being a good conductor of heat and which has lubricating 
qualities, (flycerin, glucose, turkey red oil and trimethykuie glycol 
are given as examples of suitable heat-absorbing agents. If glycxain 
is used for this purpose it is injected in a finely divided form or mist 
into a cylinder or cylinders in which the hydrocarbon gases are under- 
going compression. It is stated that the heat-absorbing agent, for ex- 
ample glycerin, removes from the gases water, water-soluble impurities 
‘ U. S. Patent 1,112,275, June 8, 1915. 
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such as ammonia and hydrogen suli)hide as well as heavier products 
such as (ar. Schill also maintains that heat generated by compression 
is at least partly absorbed by the heat-absorbing body, and it is stated 
that the phenomenon of ‘‘intramolecular lubrication^^ prevents the 
development of as much heat as would take place in the absence of a 
heat-absorbing and lubricating su])stance. 

The hydi’ocaibon gases after their (jompression in the presence of 
the heat-absorbing agent are subjected to further compression and 
cooling, in stages, for the (‘xtraction of gasoline and pentane respectively. 

G. C. Maag ^ has deviscnl an apparatus for carrying out Stdiiirs 
proc('ss, and i‘ef(a*ring to the latter states that the compression and cooling 
of th(' gases is so n'gulated, together with the use of a heat -absorbing 
agent, that-, as a net result a minimum amount of “ wild ’’ product is 
])resent in the gasoline obtaiiKnl. The wasteful process of weathering 
is th(M*efore chiinuHl to b(^ obviated to a large extent. 

. A method (k'seribed by A. J. Paris, Jr., ^adapted for the treatment of 
natural or artificial gasc's containing acpieous and hydrocarbon vapors, 
also makes use of a lubricant and heat-absorbing substance. The 
mixture is first- c-ompressc'd. Oleic acid, lu])ricating oil, fish oil or castor 
oil may bp used to take up the heat of compression; 1 to 3 gallons of 
any of theses substances is used for each 100 cubic feet of gas conij^ressed 
to 200 pounds. (V)oling and condensation of vapors from the mixture 
is then effected by expansion, and alcohol or glycerol is used in this step 
of the pro(;(\ss to prevent formation of ice. 

Lummus ^ uses a method for I’ecovering solvent vapors from air 
somcnvhat similar in principle to the compix'ssion method for extracting 
gasoliiK^ from natural gas. The vapors an' com])ressed in two stages, 
part of the power and cooling eff('cts being deiiv(‘d from the expansion 
of the cooled deniKh'd g;is in an expansion engine. 

Aft('r going through the low-stage compressor the gas is cooled 
first by water and sc'condly by the expanded gas exhausted from the 
low pressure cylinder of an expanding engine. Gond('Tised licpiid is then 
trapped off and the gas is then passed into the high pressure cylinder 
of the two-stage compressor. Subsequently it is in turn cooled by 
water and by the gases exhausted from the high pressure cylinder of 
the compound expansion engine.- Still under high pressure the denuded 
^as is then waslu'd with an absorbent. 

E. H. Sheets'^ heats natural gas under pressure and forces it into 

1 TTnitod States Patent 1,1 12,.'52.'7, Juno S, 1015. 

2 riioin. Abs. 1020. 115; U. S. Patent 1,320,107 and 1,320,10S, Oct. 2H, 1019. 

* P. S Patent 1, ISO, 711, July 4, 1010. 

^ J. S. C. I. lOlS, (il7A; U. S. Patent 1,273,101, July 23, lOlS. 
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a mixing vessel containing healed oil, also under pressure. Vapors 
from the mixing vessel are condensed under pressure and uncondensed 
gases are returned to the suction side of the compi-essor to be again put 
through the cycle of heating and mixing with oil. 

F. C. Devericks ^ recovers a hydrocarbon oil of approximately 
85° B. (specific gravity 0.651) from the product obtained by con- 
den.sing casing head natural gas. A portion of the uncondensed gas is 
absorbed in low grade oil, thereby raising the gravity of the oil. The 
resultant oil is mixed with the hydrocarl)ons of 85° Be., to produce a 
liquid of approximately 70° Be. (specific gravity 0.7000). 

S. Davidson ^ describes a process for making gasoline which con- 
sists in compressing natural gas and mixing it with a volatile liquid 
of comparatively low specific gravity; the mix- 
ture is then subji'cted to high compression and 
condensed. The condensed liquid is passed 
into a storage tank and the volatilized hydro- 
carbon vapors are led off to be mixed with 
further natural gas before compression. 

E. L. Kendall’'^ extracts gasoline from natural 
gas by atomizing with it a hydrocarlion of 
higlier boiling point than gasoline, whi(*h is at a 
lower lemperatur(‘ than that of th(‘ gas, and then 
causing the mixed spray containing gasoline and 
heavier hydrocarbons to pass through a series 
of s(;re(‘ns of diffenuit mesh on which the particles 
of condensable hydrocarbons collect. 

Snelling^ separates natural gas gasoline into 
heavier and lighter fractions, some of the lighter 
fractions being suitabk' for the manufacture of 
li(iu(‘fied gases. The method consists invapoi iz- 
ing the gasoline under a pn'ssure of about 900 
pounds per square inch and subjecting the 
vapors to indirect cooling under this high pres- 
sure by means of hot water, waiin water, and 
cold water, respectivc'ly. Figure 194 shows the 
apparatus used. In A the gasoline is vaporized by coils containing 
superheated steam. The vapors gencTated pass up into chamber B, 

1 J. S. C. I. 1018, 201A; U. S. Patent 1,200,070, March 20, 1018. 

2 J. S. C. 1. 1017, 1000; U. S. Patent 1,2:18,044, Au^. 28, 1017. 

3 C. A. 1010, 2207; IJ. 8 Pattait 1,102,7)20, .July 25, 1010. 

< J. S. C. I. 1010, 245A; U. 8. Patents 1,050,815, March 25, 1013, and 1,250,- 
670, March 10, 1010. 



Fig. 104. — Snelling’s 
method of fractionating 
natural gas condensate. 
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where coils containing hot water are situated. Condensed material is 
trapped in the section G and removed from it. Section C contains 
warm water coils and cold water coils are located in section D, 

Refrigeralion without pressure is described by R. O. Wrana.^ The 
gas as it comes from the wells is passed through a series of condensers 
which contain ammonia expansion coils. The hydrocarbons condense 
in such a way as to fractionate the licpiefiable portion. The advantage 
of this over the pressure process is said to be its simplicity and every- 
day dependableness. The color and (piality of the gasoline is said to 
b(^ ]j(4ter. The gas, as it comes from the condensers, is free from 
moisture. The gasoline rangers from 75° to 85° Be., and contains 30 
per cent pentane, (75H12, 30 per cent hexane, GeHn, and 40 per cent 
higlier hydrocarbons. Less than 7 per cent of it is under 50° Be. 
It contains no wild gas ’’ and the loss on standing is less than 2 per 
cent on 78° Be. and 5 7 p('r c(mt on 80° Be. stock. 

. K. Kharichkov“ distills oil to coke in retorts under diminished pres- 
sure. Passing through a s(‘ri('s of condensers the gas from the retorts 
is separated from the light and heavy hydrocarbons and is then lique- 
fied by compression and pumpcxl into steel flasks under 100 pounds’ 
f)r('ssure. ^ It may be used for household purpose's. It contains 46.3 
I)(*r cent olefins (of which more than half is said to be ethylene), 12 per 
C('nt hydrogen, 39 per cent ethane, and the n'st methane, butane and 
pentane. No acetylene or carbon monoxide is present. The calorific 
value' is reported as over 12,000 units per cubic nu'te'r. 

The following items concerning the manufacture of natural gas 
gasoline by the compre'ssiori and refrigeration me'thod are given by 
Dykema.^ 

Use of Combination Compression and Refrigeration 
Process 

Plants of this characte'r an' ('rected to treat casing head gas from 
oil sands or from sands closely associated with oil, tlie^ gas be'ing brought 
to the surface either between the casing and tubing of an oil well or with 
the oil in the tubing. The (piantity of gas from each well is usually 
comparatively small and in sonu' installations as many as 500 or 600 
wells are connected with one compression plant of not more than the 
j^verage capacity. 

The value of the gas for heating, power, and lighting is not impaired 
appreciably by removing the gasoline content. If this gas were not 

1 Chem. Abs., 1014, 2245; Potroloiiin Rov., 20. 423-4. 

2 (thorn. Abs , 1014, 3S.53; Pctroloiim Rev., 31, 183. 

® Bureau of Mines Bulletin, 151 (1918). 
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treated, the gasoline would, at most leases, be burned with the gas used 
for power purposes and practically be wasted as far as serving any use- 
ful purpose is concerned. 

First-stage Pressures and Temperatures Used 

In plants using two-stag(^ compression, the average pressure de- 
veloped by the first stage is betwc'cn 40 and 50 pounds per square inch; 
th(^ temperature rises to between 200® and 250® F., depending on the 
temperature' of the gas at the compressor intake and the number of 
(compressions developed. 

The increase in temperature of the gas from compression is a func- 
tion of the power used to raise the pressure to the d('sired point. The 
power used depc'iids on the nuni])er of comprc'ssions through which 
the gas is forced betw('(‘n its initial and final voluiiK'. As the amount 
of pow(‘r actually exqx'mh'd, and not tlu' initial and tlu' final pn'ssure, 
determiiH'S the ris(' in tc^mpc'raturc', tlu' t('m})erature increase due to a 
given number of compr(\ssions should b(‘ the same. If the intake 
temperatures of the high and the low stage compressor cylinders are 
ecpial, the final, or discharge, temjx'rature of both cylineh'rs of a two- 
stage compr(‘ssor or of two siiigh'-stagc' machines acting as a high 
and a low stage unit should be the same, provided th('y are of equal 
horsepower and working properly and under uniform conditions. 

The compn'ssed gas dischaiged from the* com])ressor is carried 
through an oil se'parator, placc'd just aland of tlu' cooling coils, which 
traps any lubricating oil vaporizc'd in the cylinders oi’ carried mechani- 
cally with the gas, tlu' oil Ix'ing cond(Uised by the time the gas maches 
the trap. (5x)ling to this point is ('fleeted by radiation to the atmos- 
phere surrounding the gas discharg(‘ pipe' and to th(‘ jacket water 
around the compressor cylindi'r. Some ofX'rators employ air c(X)ling 
ext('nsively in order to save water, the practice' Ix'ing to us(c a much larger 
pipe, exposed as far as possible to the atmospheie, for conveying the 
hot gas from the compres.s()r discharge to the watei’ coils, thereby re- 
ducing the spend of flow and so incre'asing the time', of transmission that 
the temperature of the gas is materially lowered. 

Two systems of ])ipe connections are use'd between compressor dis- 
charges and cooling coils. In one' .system all low-stage compressors, 
and likewise all high-stage compressors, discharge the compressed gas 
into a common pipe or manifold, fiom which it is distributed by a 
manifold to the different sets of coils being used to cool the hot gas. 
The other system is to le'ael the' gas elischarge'd from each cylinder through 
a separate coil which cools only the gas from that compressor, the gas 
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treated t)y each unit beinjj; kept separate throughout its (‘iitiip circuit. 
The first method has the advantage of permitting one coil to be shut 
down or cut out for iei)airs while the compn'ssor is running, the dis- 
charge from that machine being cooled in th(‘ coils still in use, or con- 
versely, the coil may remain in use while the comprc'ssor is idle, and 
treat gas from other units. In the second m(‘thod of connection if any 
coil or machine 4s out of commission the entii’e unit of which it is a 
part, must be stopped, causing more of the plant to be idle. 

Throughout the districts making natural gas gasoline the 2-ineh 
pipe in cooling coils is standard. 


Direction of Flow of Gas and Condensate 

It is imivor-sHllv conredod that the direction of flow of gas and condensate 
he jxirallvl and not countcrcnrrcnt. As the li(iuid ^\lIl drain toward tlie 
lowest point in the coil, the p;as must enter at tlie top m order to tlow with the 
eondensale. If scews fliaf the condemafe on. lotuj and itdunafe contact nnth the gas 
as <d>ove (le.'^cnt)ed, is again taken iip by the gas as a rajxn', eeen at high jiressnres, 
and earned to stnnc point more comhtcire to preci pitation and separation. Hence 
counter current flow is not advisable. 

That condensate vaporizes in accumulator tanks has also been proved and 
hius ^iven rise to the practice of trap[)ing off the licpiid as soon as collected. Be- 
cause of the facts stated, it appears to be the b(‘st and most ])rodiietive j)ractice 
to separate the ^as and condensate as soon as possible after all the eondimsable 
fractions have been precipitated ;ind alwavs to allow the ^:as and eondcmsate to 
flow in the siime direction. If the above arjpiments hold true under all conditions, 
it would .s('em to be advisable to divide the gas to b*^ cooled into a number of 
coils or pipes that will retain it only long enough to obtain th(* maximum cooling 
effect from the water used, and to separate the gas and conden.sate as soon as 
possible. 

The firoportion of condensate collected in the low-stag(‘ accumulator tanks 
averages 15 to IK) pcT cent of the total yield and varies between nothing and 40 
jier cent, depending on the content of condensabh' fractions in th(‘ gas and on the 
temjierature and the pressure used. Some operators permit condensate to ac- 
cumulah* in the tanks until the entering gas is forced to pass through it, or to 
accumulate for a given time, and then nin it into th(' storagi' tank through a hand 
valve. The general practice, however, ba.sed on the theory that to separate gas 
and condensate as soon as possible produci's the bi'st results, is to remove the 
condensate from the accumulator tanks continuouslv with a, small automatic trap 
that dumps often and with but little agitation kee[)S the tank practically empty 
at all times. 


, High-pressure Treatment 

From the low-prt'ssiirc accumulator tanks tlic gas passes into the 
high-pressure cylinder of the compressor, and the cycle is repeated 
except that the higher pressure causes the lighter hydrocarbons to 
condense. 
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A soniowhat larger cooling area is used for the high-pressure gas. The area 
of high-pressure coils per 1000 cubic feet of gas cooled daily is between 0.7 and 
0.8 square feet and about 4.o square feet jier horsepower used in compression, 
while that of the low-pressure coils averaged between 0.0 and 0.7 square feet 
per 1000 feet of gas and 3.5 scpiare feet per horsepower. If the same amount of 
power is used by each cylinder of the compressor, there seems to be no reason 
why one cooling area should be larger than the other, unless the gas is not 
cooled in the low-stage cods to the temperature later obtained in the high-jiressure 
coils. 

Perfect cooling between low and high stage compression implies cooling the 
gas before it enters the high-pre.ssure cylinder to the same temperature that it had 
on entering the low-stage unit. Such cooling is nece.ssary if the two stages are 
to use the same amount of power in compressing eqii.al (piantities of g.as an eipial 
number of compressions. In compression plants with imperfect cooling between 
stages the work in the cylinders is allowed to take care of it.self in such a wav 
that the number of compressions in the two stage's is not exactly eepial. In gen- 
eral, to keep the gas at the lowest practicable' tempe'rature at all time's during 
treatment is the best practice. Freim the high-pressure coils and accumulators 
the gas passes to the field fuel line's or, if expanded gas is used tei reduce the 
temperature still lower, it is led tei the high-f)re'.s.sure coils cejoled by c.xpanelcd gas. 


Methods of Expansion 

At many plants the gas aftea- tmitmont in higli-prossuro wator- 
coolod coils and accnniulator tanks is further cooled, still at maximum 
pressure, in heat interchangers or double-pipe condensers by expanded 
gas. Two methods are used to obtain low temperature's by the ex- 
pansion of gas, (1) expanding the gas through a small opening or valves 
to a lower pressure, thus producing the absorption of heat, and (2) ex- 
panding the gas aditd^atically in the powe'r cylinders of a steam |)Owcr 
unit, such as a compressor, pump, or drilling engine. 

Expansion through an Orifice or Valve 

In the first method the high-pressure gas carrying some gasoline not removed 
by previous treatment is passed through either the in.side or outside pipe of a 
double-pipe heat interchanger, and the dry gas is expanded through a small 
opening, smdi as a Uinch valve, between the pipes, thus cooling th(* high-pressure 
gas and causing further condensation of gasoline. The high-pressure gas and the 
condensate are led to an accumulator tank, where the condensate is collected and 
removed. From the accumulator tank the g:is pa.s.ses through the c.xpansion valve 
of the heat exchanger and the pressure is lowered to 10 or 15 pounds, or the pres- 
sure desired or nece.ssary to carry the gas through the field lines. The refrigerat- 
ing effect obtained by this method is suiqirisingly small, and although many coils 
using this principle for cooling have been installed, few of them lower the tem- 
perature of the high-pressure gas enough to be of material benefit. In certain 
standard installations one coil of this type is installed with each high-pre.ssure unit, 
the inside pipe of the coil having a diameter of 3 or 4 inches, and the outside 6 
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or 8 inches. The lenj^th is usually approximately SO feet, and either thje straight- 
line or return-bend type is used. After leaving this coil the gas is returned to the 
field for use on the Iciise, or sold to commercial gas companies. 

The temperatures produced by heat exchange on high-pressure gas vary in 
practice from - 17° to -i- G5° F.j or between 75° below and 20° F. below atmos- 
pheric temperature. The best temperature to use in a given plant depends, as 
does the ultimate high pressure used, on the characteristics of the gas and the 
product desired, also on the elliciency of extraction and temperature previously 
obtained in the water-cooled coils. iVs the condensation of vapors depends on 
both temperature and pressure, in accordance with the physical laws of gases, at 
a given pressure there is some critical temperature below which it is useless to cool 
the gas. 

At all plants where (expansion units are used, the development of 
l^ower by the expansion of the gas has been a secondary consideration. 
In a number of jdants power is developed only to givi^ ri'sislancc to 
the expanding gas, as in a plant using a piimj:) under a back pressure of 
loO pounds, and in another plant comj)rcssing air to 40-pound pressure. 
Tlui amount of powt'r develo[)ed in an expansion engine as compared 
with the amount used in compression is very low, probably not more 
than 5 or 10 per cent in average plants. This condition is to be expected 
becaus(‘ of th(^ eruMgy loss through dissii)ation of heat, the consumption 
of powe^in opiu’ating the piston and valve in the expansion cylinder, 
and the reduction in pressure through loss(‘S of gas and vapor by con- 
densation and leakage during transmission through pij)es and cooling 
systems. 

In expanding compressed gas for jiower puriioses only, and not for ndrigera- 
tion, prelH'aling the gases by either the hot compressed gas or the engine exhaust 
would be nec(‘ssarv m order to make the installation a commercial siu^cess. Using 
a relatively small quantity of gas at a low temperature (G0° F.) would liardly pay 
in jamer delivered, as compared with a gas engine using gas worth 15 cents or 
less per 1000 cubic feet. 


Condensate from Low- and High-pressure Coils ^ 

The first condensate jiroduced in treating gas by compression is the small 
quantity of rather heavy and often discolored naphtha accumulating in the pipe- 
line dri[)s. After this condensate has been collected and cleaned by filtering or 
distilling it is mixed with the balance of the plant product, giving the mixture a 
lower gravity and vapor tension and helping to stabilize the “ wuld ” condensate 
from other parts of the plant. 

Tltc second condons«atc is that collected in the low-pressure accu- 
mulator tanks; its proportion to the whole product varies between 
nothing and 50 per cent, and in average plant practice between 10 and 
30 per cent. The gravity vai ies around 00° B6. and the vapor tension 
^ Dykema, ibid, p., 57. 
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between ! and 3 pounds. Such condensate makes an ideal motor fuel 
just as it comes from the coils, but is usually mixed before leaving the 
plant with the other products either in “ make tanks ” or in storage 
tanks, having the same tendency as the line drip to improve the product 
as a whole. 

Next in the series of condensates collected is that obtained from 
the gas under the maximum pressures used in any given plant and at 
temperatures developed by water cooling. 

In average plant j)racticc the condensate precipitated and col- 
lected at tliis point represents tlie princi[)al bulk of the total recovery, 
seldom being less tlian 30 per cent of th(‘ total product ev(‘n in [)lants 
using expansion units, and at times reaching 100 per cent, as in all single- 
stage practice and in some two-stage installations. 

The specific gravity of the higii-stage condensate is between G5°- 
100° Be\, averaging in eastern fields approximately 85° Be., in Okla- 
homa 78° Be., and in ( alifornia 72° Be. 

As formed in the a<*cumulator tank this coiuh'nsate is wild,” owing 
to the absence of low-gravity fractions, to th(? presiaice of dissolved 
gas, and to hydrocarbons that are liiiuids only under high pressun' at 
the temperatures attaimnl in the water-cooled coils. As the pri'ssure 
is reduced by the automatic traps or in th(‘- transh'v from accumu- 
lators to the “ make ” or storage tanks, the lighter fractions and dis- 
solved gases imme(liat(‘ly start coming off and build up j)i(\ssur(‘ in the 
tank containing them or escape to th(‘ atmosphere. For thes(‘ ri'asons 
the coiulensate from high-pressur(‘ accumulators is usually dischargi'd 
to tanks containing the heavier fractions precipitated in other coils and 
is often blend(‘d in there, or before it reaclu's the storages tanks. 

The condensate from cx])ansion coils lijus much the same pliysical character- 
istics as the condensate from high-pressure water-cooled coils and is handled and 
treated in the same way. 

It tipi^iears that different natural gas from different fields containing the same 
quantity of condensable vafiors .seldom contains the .same percentages of the vari- 
ous hydrocarbon fractions entering into the composition of gasoline. This, in 
part at least, explains the wide variation in the gravity and amount of product 
obtained under similar conditions of temperature and pr(‘ssure in different plants 
treating gas from different parts of the same field or from different fields. 


Blending and Shipping the Condensate/ 

Reasons for Blending 

When the condensate producc'd by compression is allowed to weather 
unblended until its vapor tension is reduced to less than 10 pounds 
^ Dykema, ibid. 
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at 100° F. and its temperature rises to atmospheric, losses ranging up 
to 75 per cent of the total product often result, while if the con- 
densate is mixed (blended) with heavier straight still-run refinery dis- 
tillates the losses from weathering are reduced, usually to one-half 
that amount, and often more. This fact has led condensate producers 
to take advantage of blending to increase the volume' of the product 
actually marketiul, thus increasing their profits and also the supply 
of marketable motor fuels so desirable under pn'sent conditions. The 
develoi)m(‘nt in gasoline motors up to the present time has not reached 
a stages that would make th(^ heavier still distillates, such as are used 
for blending, a convenient or (‘conom'c*d fu(‘l if used as made, because 
of the difficulty in starting the motor with such fiu‘1 and its tendency 
to deposit carbon in the cylindc'rs and on tlu' pistons from incomplete 
combustion, causing engine trouble/' 

Cond('nsat(' produced by com])ression is also an undesirabh' fuel for 
gasoliiu' ('iigines. It is exceedingly volatih', which causes losses in 
handling, is dangerous because fumes an^ (‘asily formed, and gives less 
power as compared with equal volumes of heavier distillates, a larger 
number of gallons being required to dc'velop the sanu' power. It gives 
a quick, sharp explosion in a niotoj* cvlindc'r, but seems to lack “ push " 
after the* explosion has taken place. In the above qualitic's it is in no 
way different from still-run fmxlucts of similar gravity and similar 
end points, both products needing additions of h'ss volatile, heavier, 
and mor(‘ powerful fractions in ord(‘r to form the most convenient and 
economical motor fuel. 

Th(‘ light('r fractions of p(*trol('um distillates, as compared with the 
heavier products, hav(^ a louver calorific vahu' per gallon but a higher 
calorific value' per pound. As all produ<*ts of petroh'um are sold in the 
United States by volume or liquid me'asure, the standards for com- 
parison must be made on the lu'at units p(‘r volume' and not per wa'ight. 

Another important factor in ble'iieling is transportation. The 
Interstate Uommerce Uommissiem rule's contre)lling shipments of 
petroleum proelucts anel lie|uefieel natural gas allow transportatiem e)f 
petroleum distillate's having vapor tensions e)f le'ss than 10 pounds per 
square inch in standard tank cars, and pre)elue*ts with vapor te'nsie)ns 
of 15 pounds per square inch in spe'cially built insulated tanks. As 
many plants prejduce cenulensafe that has a vajwr tt'iision of 30 or more 
.pounels as it comes from the accumulator tanks, ble'neling and wTather- 
ing are l)e)th re'sorteel to by most manufacture'rs in oreler to bring the 
produe't w'ithin shipping rules, to increase the quantity, and to improve 
the epiality of the product. 
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Methods of Blending 

Blending condensate with the various (kstillates used for that purpose, as 
practiced at present, is done at times in stages, and at many different points in 
the precipitation, storage, or trans])ortation of the product, d’he product of plants 
that ship their condimsatc without being blended usually goes to refineries or blend- 
ing stations belonging to purchasers of this type of product, who blend the con- 
densate before sending it to the retail markets. One blending company in West 
Virginia buys condi'iisate, pumps it to the plant in pipe lines, stores it in closed 
tanks until needed, then blends it with naphtha in the following manner: 

A tank of naiihtha is one-half unloaded, usually into an empty tank car, and 
then condensate is slowly pumped in through a valve in the bottom until the tank 
is filled. The condensate rises through the naphtha and slightly agitates it, and 
in this way becomes absorbed and blendeil with the naphtha. At times the opera- 
tion is reversed, a tank ear being half tilUal with condensate and the naphtha 
pumped in from above. No further treatment is used, the car being shipjied as 
soon as filled. The agitation during shipment tends to completi' blending if such 
is necessary. 

Blending practice at some refineries and easing head gasoline plants is prac- 
tically the same as described above except that stationary tanks are used in place 
of tanks on cars .Vt other blending plants a pump is u.sed in blending, its suc- 
tion being connect(‘d with two tanks, one of blending stock and the; other of con- 
densate. The flow of each is regulated in the pip<‘ line by valves, the discharge 
of the pump going to a storage tank. From time to time the mixture in the stor- 
age tank Ls tested for gravity, if the blend is too light or too heavy ihc flow of 
cither naphtha or condi'U.sate is adjusted to give the desired mixture. 

At some plants methods of blending are more complicated The procialure 
used is as follows: A given (plant ity of California distillate with a gravity of 
53° to 55° Be*, is placed in a cone-bottom blending tank, where it is washed w ith acid 
solution, caustic .solution, and water; after this tn'atment eondeirsate wnth a 
gravity of 72° to <S2° Be. is forced into the tank from the bottom. Air is then 
blowm through the mixture to agitate it and remove the lightest fractions of con- 
densate and dissolved gas(\s. 'fhe mixture is tested for sp(‘cific gravity, after 
which enough still-run California ga.sohne w ith a gravity of 58° Be. is added to 
bring the whole to a gravity of ()()° Ik*. The blended gasoline produced by the 
above method and ingredients is sweet, water white, and has the following char- 
acteristics: 5.0 per cent distills over up to 1 10° F. (()()°C.), the distillate having a 
gravity of 79.9° B(".; 70 per cent distills over up to 240° F. (110° C.); and 30 per 
cent distills over between 240° and 341°F. fllO°-173° C.) Distilling this blended 
product in 5 per cent cuts show's it to be an exceptionally good motor fuel with 
none of the usual fractions missing. 

While holding condensate in storage .some blending companies and r(*finerii‘.s, 
as well as compre.s.sion-plant operators, keep the tanks containing such stock 
under pressure and often the tanks arc insulated or hou.sed and shaded in order 
to reduce evaporation by the sun and the atmosphere. 

Plant Blending Methods 

Plants at which blending is entirely or partly comphded have 
developed methods and practices quite different from the usual way 
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of niixinp; the two constituents in a bleinlinji; tank. Many plants still 
blend the condensate and the naphtha in storage or blending tanks, 
using the methods previously described above, but a tendency has 
developed for blending at much earlier stages of the process. 

The first ste{) in this development was when certain operators 
pumped blending naphtha into the tanks known as “ make tanks, 
which receive the condensate from the accumulator tanks, and in which 
the t otal make of one day or shift was measured before being t ransferred 
to storage. The method as now used is to pump naphtha into the tank 
at such a rat(^ that the perc.entagci in the mixture would be somewhat 
below that desired in the final blend, or to place a given quantity of 
naphtha in the mak(', tank and discharge condensate from the accumu- 
lators into the naphtha. In transferring condensate', from the accumu- 
lator tank to the make tank, the sudden release of pressure causes violent 
weathering or boiling, owing to the high vapor tension. By adding 
heavier bh'iuling stocks at this point the vajior tension is lowered, 
with cons('(iuent lessening of losses from the light condensate and 
dissolved gas wi'athering rapidly and carrying off with them part of 
the lu'avier fractions. 

The product of this blend is gaged in the make tank, the quantity 
of naphtha deducted, and the actual plant production calculated. At 
the end of each day or shift the mixture is transferred to storage tanks 
and the blend completed or shippc'd to another point for blending as 
desci’ibed above. 

l^londing in acpumulator tanks consists of pumping nafihtha slowly and con- 
tinually into the tanks, connected with the high-pressure coils, at a pressure a few 
pounds in excess of that at which the gas is being treated. The naphtha is in- 
jected into the tank through small G-inch) pipes at a point near the toj) and 
through fittings which cause a spray, the theory being that the spray will collect 
line particles of condensate in falling through the gas and reduce the gravity and 
the va])or tension of the product before it is releasi'd from the high pressure at 
which it is [in'cipitated and thus reduce losses of condensate. 

Operators using this method claim it produces a marked increase in plant 
production, one in particular claiming a net increase of 10 per cent. The mixture 
IS drained from the accumulator tank as in other practice, either automatically 
or by hand, as the custom of the plant may be, the quantities being figured ixs 
previously described to determine the plant production. 

When na{)htha is injected into the high-pressure gas while it is in the coils, 
or bi'fore it has reached the coils, and is still hot from compression, the method is 
called “ hot blending.” 

This method has been adopted at some plants where the gas treated contains 
large proportions of the exceedingly light fractions and the condensate had shown 
extreme losses in storage and during weathering and blending by other methods. 
A Pennsylvania operator producing condensate with a gravity of 92 to 05° B5. 
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claims a net gain of 15 per cent in marketed condensate from the use of this 
method, and one in Oklahoma, approximately 30 per cent. 

One eastern plant, which compressed the gas to 300 pounds pressure, injects 
naphtha through a needle valve placed in the high-pressure water-cooled coil 
header at the intake (hot) end of the coil. The naphtha is pumped through the 
valve at a pressure of 400 pounds per square inch, which causes it to si)ray or 
atomize in the lieader and intimately mix with the hot gas as the gas divides into 
the coil pipes leading out of the header. The first few (10 to 15) feet of this coil 
arc kept dry to permit the hot gas to vaporize as much of the naphtha as pos- 
sible before the gas and the naphtha are cooled by the water sprayed over the rest 
of the coil. 

W hat happens to the injected najihtha is not definitely known, but it ajipears 
that the naphtha is divided into three parts One part is volatilized by the heat 
of the high-jiressure gas earrieil with the gas into the water cooled coils, and again 
condensed, thence it is carrie<l to tlie accumulator tank with other condensate. 
A second part of the atomized naphtha is probably carried mechanically into 
the upper pipes of the coil by the flow' of gas, wdiere it settles out, owing 
to the slower rate of flow', and carries with it otlii'r condensable vapors. The 
third part, which is neither vaporized nor carried mechanically into the uiqier 
members of the coil, goes to the bottom of the headiT and flow's with the gas 
through the bottom pipe and blends with the condensate and najihtha in the dis- 
charge header, w4ule still under maximum pressure. The mi.xture then flow\s to 
the accumulator tank and thence is trapped into storage tanks 

The quantity of naphtha injected into the header is calculated to be some- 
what less than is needed to bring the rni.xture to the gravity desired/ the balance 
being added, in this plant, to the partly blended .stock in the make tank, wdiich is 
also held under pressure. Another feature of the practice at this plant is that the 
pressure on the blended stock is reduced slowly to avoid violent boiling or w'eatn- 
ering. This is accomplish(‘d by holding a pre.ssure of 50 or 00 pounds on tlie make 
tank w’hile the output of the plant is being transferred to it during a day or shift. 
At the end of that period another tank is put into service and the f'ressure on 
the tank containing the day’s '‘make ” is slowly relieved, while the stock grad- 
ually acquires approximately the tem^ierature of the atmoS[)here. At this {loint the 
blend is transferred to storage tanks or placed in tank cars for shipment. For 
each 100 gallons of conden.sate produced 77 gallons of naphtha are pumped into the 
coils, which low'ers the gravity of the condensate from 90° to 9f)° Be. to betw'een 
70° and 76° Be.; later, in the “ make ” tank, enough eastern naphtha, with a gravity 
of 58° to 00° Be., or (’aliforma distillate, with a gravity of 48° Be., is added to form 
a blend of the desired quality. 

Naphtha Used as a Blending Stock. ^ 

To form an ideal motor fuel, the distillate or naphtha used in blend- 
ing should be one that will give the mixture a uniform series of fractions 
between the temperatures at which distillation begins and finishes, 
with none of the fractions with boiling points so high as to cause in- 
complete combustion and carbon deposits in motor cylindei'S. To blend 
and weather condensate to correspond with the above conditions is 

1 Dykema, ibid. 
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possible, but such practice, because of the great waste and expense, 
is followed only in blending special gasolines for engine or speed tests. 

Rittman, Dean, iind Jacobs ^ have shown clearly the differences in still-run 
and blended jij;a.sohnes (see Fig. PJo), as they are put upon the market. They state 
that the blended casing head products have larger percentages distilling below 
50° 0. but have longer distillaljon ranges, which tend to make the slope of the 
tempera ture-p(‘rcentage curves for these gasolines flatter than those of straight 
refinery products. They also .state that any gasoline having an unusually large 
distillation cut below 50° C. 
and with considerable per- 
centages dislilhng within fhe 
temiierature ranges of 150° to 
1 75° C. (;i0‘2°-:i().5° F.) and 175° 
to 200° (k (3(i5°-302° F.) and 
being defickait m constituents p « 
boiling at inti'rmediate points “ 

of the distillation, may be y 

classed as one of these blended 5 « 
products. 

o 

Tlio naphtha or distil- « 

latos being usctl for blend- 
ing are thof^e fractions that „ 

distill from cruder oil afti'r 

the cuts inarkeled as , • , . ^ 

„ Fig 195. — Curves .showing volatility ranges of 

stiaight stdl-iun gaso- ,..,v^iiig he.ad ga.sohiK'. 1, rehnery 

line htive distill(*d oft. gasolim'; 2, casing he.ad ga.sohn(\ 91ie flatter .slo|)e 
The naiihthas ina(l(' from ga.solin(* shows that the 

, AT- W'' r content of both low and high boiling constituents 
(‘tlStein and i\ild-t ontl- ^|.y.|ter in th(‘ blendial gasoline. After Rittman. 

mmt crudes range in 

gravity from 40° to 00° Be., wher(‘as those mad(' from the asphaltic, base 
California crude oils range Ixdween 42° and 52° Be. 1 he difference in 
.the etistern and western distillates is due to th(‘ fact that the crude 
oils in the diffi'rent fields differ in character, having paraffin, asphaltic, 
or mixed bases. 

The east(‘rn and the California naphthas use<l in blending have approximately the 
same end point.s, altliough the gravitie.s differ 7° to 10° He ; also the blends formed 
have different gravities, yet the end points, power develojied per gallon, and the 
completeness of combustion of the mixtures are practically similar, the differ- 
ences in the specific gravities of the various cuts of similar end points from the 
different crudes decrease lus the cuts become light ('r. 

Numerous blending plants, however, use distillates with as low gravity and 
as high end point as the keroseni' fractions, and, as far as is known, find no trouble 

^ Rittman, W. F,, Dean, E. W., and Jacobs, W. A., Plusical and chemical 
properties of gasoline sold throughout the Cnited States during the calendar 
year 1915: Tech. Paper 1G3, Bureau of Mines, 1916, p. 27. 





490 


MOTOR FUELS 


in marketing such blends. In u.sing naphtluis for blending it has been found that 
the heavier naphthiis give better results than the lighter ones in lowering the vapor 
tension of the mixture, for equal (piantities put in, the heavy fractions having 
a tendency to “hold down “ the light fractions. 

In general it may be stated that blended gasoline usually consists of a mixture 
of half casing head giisoline and half naphtha or distillate, but the proportions 
vary, depending upon the gravity and vapor tension of both constituents, blend- 
ing being carried to a point, in conjunction with weathering, that- brings the [iroduct 
within the shipping rules and shows maximum {irofits to the jiroduei'rs. 

Stratification of Blended Gasoline 

In many quarters belief hjus been exiiressed that in bleinUal gasoline tlie light 
condensate fractions separate from the heaviiT distillate fractions, causing strali- 
fication. It is true that owing to change of temperature, in a closed tank, the 
lighter fractions at times vaporize and condense on the sides ol the container and 
drain dowm, floating m a thin layer on top of the Inpiid. This condition may have 
given rise to the belief regarding stratification, but, as shown, is not due to sepa- 
ration of the tw'o or more blended constitiKMits through dilTereiici's in their gra\’i- 
ties. All fractions of petroleum oils arc^ generally c nsidered as soluble, one in 
the other, and a blend of tw'o or more fractions such as naphtha and condensati' 
should not separate or stratify. All evidence obtainable indicates that no such 
stratification actually takes place in blended motor fuels through the difTerence 
in sjiecific gravity of the members blended. A test mad(' on a (Ailifornia blended 
product show'od no separation. The blend, which w'as a small cpiantity of con- 
densate w'ith a gravity of l()r>® Be. and a large quantity of distillate wuth a gravity 
of dS'’ B., was placed in a 10-barrel tank and tested afti'r standing one week with- 
out being disturbed. Samples drawn from the top and bottom had sjiecific 
gravities differing only 0.07® Be. This blend found a ready market as fuel for 
motor trucks. 


The Absorption Process 

Von Groeling (Boult) ^ subjects natural gas to a series of stc*ps which 
involve in each case a higher pressure and a lower tiuniiertiture, in ordiu’ 
to condense out the heavier hydrocarbons in th(‘. jn-esence of an absoiL- 
ing solvent. The method also makes use of the reg(‘nerativ(‘. principle 
of reduction in temperature by means of the expansion of a part of the 
compressed gas. 

The absorbent used is heavy naphtha, the obj(‘ct , apparently, b(‘ing . 
to manufacture light nafihtha din^ctly without the ne(*essity of distil- 
lation to recover volatile products. The absorbent flows continuously 
through three absorbers in series. Gas also passes through each of 
the three. In each case absorption takes place by bubbling the gas 
up through a column of naphtha. The second absorber contains a 
cooling coil through which partly denuded gas expands on its way to 
the last absorber. (See Fig. 195a.) 

1 British Patent 30,229, Dec. 24, 1909. 
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In Fig. l!)5a the gas store<l in a gas holder ,l is passed through a pipe B, which 
terminates in a distributing device (\ into the absorber D, which is supplied with 
the absorption liipini. From this first absorber B the gas passes to a com- 
pressor F and tlien through the cooling installation (H, from which it is admitted 
into a second absorption aj)paratus JI. The compressed gases enter at the bottom 
through a fine screen /, in the form of small bubbles, slowly rise in the liquid 
column to the surface, collect there, and pass through a valve K, adjustable from 
the outside, into an expansion cod L, which dijis into a benzine column. 

'flic cold obtained by the expansion is utilized for cooling the already cooled 
benzine still further and for withdrawing from it the heat generated during the 
absorption process. The thorough contact between the liipiid and the gas bub- 
bles, the low temperature, and the pressure amounting to about 50 atmo.spheres 
result in a thorough absorption of the more easily condensed ingredients of the 
gas mixture, while the gases not yet absorbed, pass into another absorption ap- 
paratus M, provided with a series of staggered perforated filates or screens or the 
like N, in order to force the gas to come into contact with the absorjition liquid 
along the longest jiossible path. From the apparatus M the gas pa.sses to tin* 
cooling apparatus (i. The remaining portion of the gas, which cannot be ab- 
sorbed, IS then lupiefied in the liquefying installation 0 by the use of high pres- 
sure and hnv temperature. The path followed by the absorption liquid is as 
follows: From the storing tank B the liquid is brought by means of a pumj) Q into 
the first absorber D, from which it flows into the absorber M. From the latter the 
absorption liipiid is convesed by means ot a pumj) R into the absorption column 
//, flows through the cooling apparatus G and is then drawn into a storing tank N. 
With such an arrangement the gas to be utilized can b(‘ treated at varying 
temperatures and pressures, and the absorption liquid can circiil.ati' through the 
absorbers in such a manner that anv desireil degree of saturation of th(‘ absorp- 
tion liquid with given portions of tlie gas can be obtained. 

The pressure in the apiiaratus can be regulated by adjusting the pre.ssuro 
pump, while the temperature can be regulateil by adjusting the e.xpansion valve, 
as the reduction of temjierature depends upon the decrease of (he pressure. 

W. E. Walker^ distills crude oil liy means of th(‘ heat contained in 
compressed natural gas or coke oven gas. He forces the luxated gas 
through cold oil, under pressure. In this way light oils are precipi- 
tated from the gas and gasoline is simultan(‘Ously distill(‘d out of the 
crude oil. 

Since a reduction of pre.ssure of the gas will be accompanied by a simultaneous 
reduction in its temperature fa.s.suming that the operation is more or less adia- 
batic in nature), it follow’s that, in order to secure the most desirable results, 
the gas should be substantially up to its initial pressure as it jia.sses through the 
body of the oil. When it has been enriched by the constituents from the oil, it 
is cooled to remove those constituents which will precipitate by the reduction in 
temperature. 

If the temperature of the complex body of liquid hydrocarbons is raised to an 
excessive degree, the proce,ss w'ill be accompanied bv cracking of certain of the 
constituents. Uonsequently, it is desirable to raise the tem])erature only approxi- 
mately to 700"^ F. (371° C.) for the recovery of such lighter hydrocarbons as 

1 Chem. Abs. 1919, 2276; U. S. Patent 1,307,280, June 17, 1919. 
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gasoline, naphtha, etc. In separating gasoline, naphtha, etc., from so -complex 
a mixture as natural gas, it is frcnpiently necessary to raise the pressure to 300 
pounds per scpiare inch or even higher. With a strictly adiabatic compression of 
the gas to such iiressure, the temiierature will generally, it is stated, be con- 
siderably higher thiin that necessary or desirable for the subsequent treatment of 
the crude oil. Furthermore, it may not be feasible from a practical standpoint 
to compress the gas at one stage t<» such a high jiressure as 300 pounds per sepiarc 
inch, and, th(‘refore, *it is the better practice to carry on the compression in two 
or more stiiges. It, is slated that the gas may be natural gas, or comiiressed air; 
or, in some cases, hot gasi's coming olT from a retort coke oven. 

In Fig 10,1, A IS a tank of sufficiently rigid construction to withstand the 
pressure under which the process is carried out. The untreated crude oil is forced 


{ Wafer 



into the tank through the connection R, and after the process has been completed, 
the treated oil is dehvenal through the pipe or connection (\ The gas at high 
temperature and under proper pressure is delivered into .1 through the pipe R, and 
•is discharged through the pipe K, after it has jiassed through the body of the oil. 

The firoce.ss is said to be best ])racticed hy causing the hot gas to bubble 
up through th(‘ mass of iKpiid oil For this puijiose, the pipe I) leads into the 
bottom portion of the tank. For a similar reason, a bailie jilate /*’ extends across the 
lower [lortion of the tank, and is provided with a number of openings through which 
the gas jiasses in ils upward travel so as to distribute it uniformly through the 
entire body of oil Another baflle sheet (/ is placed above the ])late F, having a 
number of hoods directly over the o])enings in plate F, and having the intermedi- 
at(‘ openings //. In order to prevent the entrance of crude oil into the discharge 
pipe E on account of foaming there is a batlle J beneath the opening into the dis- 
charge pijie. The delivery pipe E leads to a surface condenser K w Inch is cooled 
by a stream of water. By lowering the temperature of the gas in this condenser, 
ga.soline, naphtha, and other constituents will be condensed and caught in the trap 
L. Th(‘ cooled gas, ordinarily still under pressure, is discharged from this con- 
denser through a connect i n U. 
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Foiv the purpose of considering what method or methods should 
be employed in recovering gasoline from natural gas, R. P. Anderson ^ 
uses the following classification. (1) Lean gas, containing less than 
0.5 gal. gasoline perM cu. ft. of gas; (2) moderately rich gas, contain- 
ing from 0.5 to 3 gal. gasoline perM cu. ft. of gas; (3) rich gas, contain- 
ing more than 3 gal. gasoline perM cu. ft. of gas. 

(1) Lean gas is usually compressed for the puipose of transport- 
ing it to the point of consumption, but this compression would not 
ordinarily cause the condensation of gasoline. The absorption method 
may be employed on gas of this character, provided its gasoline content 
is sufficient to make the project a financial success. The absorption 
method has been successfully employed where the gasoline^ production 
has amounted to less than 0.1 gal. per M cu. ft. of gas. 

(2) The compression of a moderately rich gas for transmission 
purposes may not result in the condensation of gasoline if the piessure . 
re(iuired is low, but gasoline will be condensed if high pressures are neces- 
sary. In a gas of this sort the gasoline removal will by no means be 
complete, even at high pressures, on account of the low initial partial 
pressures of the gasoline hydrocarbons, and either the refrigeration or 
the absorption method may be applied on th(' residual gas, the choice 
depending uixm the local conditions. If the absorption method is to 
be employed, the pressure need not be raised above the point r(‘(iuii*ed 
for transmission of the gas, while if the refiigcaatien method is to be 
employed, the gas should be compressed to 250 to 300 lbs. befoi'e ex- 
pansion, according to the usual i)rocedure. 

(3) A rich gas should be compressed piimaiily for its gasoline 
content. In this cas(\ on account of the higher initial partial pr(\ssure 
of the gasoline constituents, the efficiency of gasoline' ('xtiaction will be 
much higher than in the previous case and treatment of residual gas 
by refrigeration or absorption method would yield but little gasoline 
of marketable character. To treat a rich gas by the absoi ption method 
at low pressure is an alternative that may possibly have desiiable 
features in exceptional cases. 

It will, of course, be understood that no definite figures can be giv(*n . 
for the gasoline content at which the direct compiesvsion method Ix'gins 
to be applicable, nor for the gasoline content at which the compression 
method can be made so efficient that no treatment of residue gas is ad- 
visable. The figures that have been given for the purpose of setting 
limits between Classes 1, 2, and 3 are, therefore, only approximate and 
dependent to a considerable extent upon the nature of the gas to be 
treated. 

» J. Ind. Eng. Chem. 1920. (12) 547. 
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E. S. Merriam^ proposes to continuously distill gasoline from ab- 
sorber oil in a specially consti’ucted fire still without the aid of steam.- 
Tlui temperature of the still is automat ically controlled by a thermostat 
and the flow of oil to and from the still is also automatically controlled 
so as to reduce to a minimum the number of operative's required. 
Figure 197 shows an absorber in connection with a fire still. 



H. Koppers waslu's out hydrocai’bons from mitural gas with oil 
in a b('ll waslu'r which is placed in a wrought iron jacket- into which the 
gas is introduced so that the pressure within and without the washer 
is ('{pialized. 

Z. Biluchowski and S. V. Pilat conduct natural gases of Galicia 
(possc'ssing specific gravity's langing from 0.820 to 0.892) through cooled 
benzini' or kerosene. These gase'S then become lighter and 3. 0-9.6 per 
ci'iit of the lighter pc'troleum vapors are absorbed. The condensed 
vapors contain 30-56 iier cent h'ss aromatic hydrocarbons than the 
benzine obtained from distillation of the crude oil. The calorific value 
of th(' gas, after the removal of these vapors, is reduci'd from 9136 to 
8856 calories. 

1 U. 8. Patent 1,804, .^>87, May 27, 1919. 

• “ 44ie advantage of eontinnously distilling a relatively small amount of satu- 

rated absorbent, instead of using a larger still, is tliat a smaller amount of heat 
is necessary to thoroughly strij) the wash oil, 

3 (diem. Abs. .38.59; U. 8. Patent 1,107,808, Aug. 18, 1914 
« (diem. Abs. 1915, 1112; Neftjanoie Djelo 1914, 8; through Petroleum 
1914 (9), 1805. 
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C. M. Gay ^ heats crude oil to facilitate atomization without driv- 
ing off any distillates. It is then atomized with natural gas at about 
atmospheric pressure and gasoline is separated from the atomized oil 
and gas by condensation. 

J. B. Garner ^ treats hydrocarbon gases containing gasoline with 
an absorbent oil, first under normal pi'essuiv, then under a pressure 
considerably greater than that of the atmosphere. '■ The pressure is 
then reduced somewhat, whereby constituents lighter than gasoline 
which have been absorbed by the solvcait an* removed. The gasoline 
is subsequently recovered from th(^ solvent. 

J. P. Foucart ^ confines steam at 20 pounds pei’ square inch in a 
chamber into one end of which natural gas is forc(‘d at a higher pressure. 
Vapor and steam pass out of the other end of the chamber and are led 
to a cond(*nser. 

J. C. Black ^ proposes to secure from, oi* convert, 50° oil refi'rred 
to as “ engine distillate into 60° Be. gasoline* by saturating the (‘iigine 
distillate with natural gas under pressure and distilling. A mixture is 
produc(‘d which is said to have* initial and end boiling points identical 
with those of straight refinery ga.soline. It is stated also that under the 
proper conditions of temperature and pressure, it is possible to obtain 
gasoline from engine distillate, by passing natiiral gas through the oil, 
the gas being forced through the engine distillate, und(*r high pr(‘ssure 
and low temperature. After a time, which can be determin(*d by the 
increase* in Bailing gravity, th(^ oil is withdrawn and distilled with 
steam. The distillate thus obt aim'd can be .se'parated into fractions, 
one of which will have a gravity of 60° Be. and boiling points identical 
with those of natural gasoline obtained from crude* oil elist illation. A 
cut can also be made, the gravity of which will be ide'iitical with the 
original stock subjected to the^ gas treatment. A furthei- cut can be? 
made, the gravity of which wdll be within the range? of that burning 
oil, or kerosene. 

The yi(*]d of ga.solino will vary considerably with the character of the* 
wnth temperature, and w’ith the jiresseire (Jood results are stated to he* ol)- 
tained where fifty per cent of the em^ine distillate is converted into j«:asoline; 
blit it i.s .said that the most economic result is obtained wlu'n a conversion is 
made of twenty-five to thirty per cent, i.e , the maximum xield pi'r thousand cubic 
feet of u.sed i.s obtained when, upon fractionation, a conversion of twenty-five 
to thirty per cent i.s made. 

^ Chem. Ahs. 1910, 1.503; IT. S. Patent 1,170,001, April 11, 1010. 

2 .J. S. C. I. 1010, 404A; U. S. Patent 1,200,4.5.5, April 1, 1019. 

® Chern. Abs. 1910, 2522; U. S. Patent 1,19.5,1.5S, .Vuk 1.5, 1010. 

< .1. S. C. I. 1918, 047A; Clhem .Vbs. 1018, 2120; IT. S. Patent 1,27.5,648, 
Aug. 1.3, 1918. 
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By this method a gasoline is produced, it is stated, that is idenjical with 
natural gasoline in gravity, initial and final boiling points, and in vapor tension. 
The gasoline produced is (‘laiined to be dilTerent from that produced by mixing 
casing head gasoline, with a heavy distillate. In tliis last named case the gravity 
may be standard, but the boiling points will be low in the initial and high in 
the final, and the vajior tension will be high in comparison with natural gaso- 
line. A high vapor timsion makes the oil dangerous to transport, due to its 
tendency to create, a high pressun* when its temperature becomes elevated, and a 
high final boiling point tends to produce a carbon deposit in the cylinders of gaso- 
line engines 

Tmitiiig 100 gallons of a low grade distillate (eoininonly called 
engine distillate, tind having a gravity of 48° Be. and an initial and 



final boiling point of 170° and 436° F., respectively (77°-224° C.)) 
with 15,000 cubic fc(‘t of natural gas, after passing through a com- 
pressor plant to take out the casing head gasoline, and under a temper- 
ature of 70° F. (21° C.) and a gage pressure of 160 pounds, will cause 
the absorption of the gas by tlu* distillate in a period of one hour and 
forty minutes. From the mixture thus formed, upon subsequent 
steam distillation there is derived a fraction of gasoline amounting to 
29.3 per cent of the original volume of distillate, this gasoline having a 
gravity of 59.5 Be., and an initial and final boiling point of 94° and 
331° F., respectively (34°-166° (\). This is well within the range of 
the boiling points of natural gasoline, obtained from crude oil 
distillation. 
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The^e is also obtained a cut of engine distillate, the gravity of which 
is 48° Be. and the initial boiling point 21G° F. (102° C.) and the final 
boiling point 390° F. (199° C.). The yield of such engine distillate is 
60.7 per cent of the original volume of distillate. This engine distillate 
is well within the range of that obtained from crude oil distillation. 
The 10 per cent residue left in the still has a gravity of 42° Be. which is 
within tlie range of burning oil or k(a-osene. 

Figure 198 shows a form of treating chamber (^). Oil enters at th(» 
top through a line B and (lows down over a seri(‘s of tniys C, provided 
with overflows, D. Gas enters at E and flows upward in a direction 
opposite to the flow of oil through distributors F. The oil entering at B 
is under a pressure sufficient to overcome th(‘ gas pressure of about 160 
pounds. From time to time treated oil is drawn off through F'. 

J. B. Weir ^ extracts gasoline from natural gas by com|)r(‘ssion and 
cooling, and the partially denuded gas is passcxl through an absorlxait 
hydrocarbon licpiid. The dcaived i)roducls are blended and after a 
portion of the more volatile constituents has been driven off, the product 
is ready for use as gasoline. The more volatile constituents thus 
removed are absorbed by a hydrocarbon liquid heavier than gasoline, 
and this product is used as tln^ absorlxait through which is passed the 
gas remaining after the initial treatment of fr(‘sh quantities of natural 
gas. 

P. Todo 2 saturates the hydrocarbons obtained by distillation of 
petroleum, etc., with artificial or natural gas under high pressure and 
at a low temperature. Petroleum is said to absorb five times its volume 
of coal gas at 32° F. (0° (\) and ordinary pressure. Under a pressure' 
of 8 atmospheres and at 0°F. (- 18° (\), it is stated to absorb (‘ight 
times its volume of Pintsch gas. It absorbs three time's its volumes of 
acetylene at 15 atmospheres, and - 32° F. The rc'sulting proeluct is 
claimed to be “ nearly equal ” to gasedine as a fuel. 

P. H. King and J. A. Stoneham mix acetyle'ue^ (98 per cent) anel 
water gas (2 per cent) with an equal volume of hyelrocarbon vapor and 
the whole is condensed to form a liquid containing the acetylene and 
water gas in solution. Tlu' hydrocarbon vapor may be obt aim'd fi’oni 
petroleum or coal tar derivatives having a flash point of about 85° to 
100° F. (29°-38° C.). 

T. Pa3nie ^ claims to make a fuel analogous to gasoline by subjecting 
hydrocarbon oils derived from petroleum, asphalt, bitunu'n, resin,* 

1 J. S. C. I. 1010, 30A; U. 8. Patonl 1,2S2,338, Oct. 22, 1018. 

* Chem Abs. lOlS, 2'247; .lapanosc I’atont '.{‘2,4f)0, Mar. 20, 1018. 

* J. S. C. I. 1917, 1239; British Piitont 110, .320, June 15, 1917. 

< Chem. Abs. 191!), 18.5; British Patent Scijt. Wllv 
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bituminous shalo, (4c., to a tmatment consisting in lowering the tem- 
perature and increasing the pressure of the licpiid in suc(;essive stages 
and at each stage introducing a fuel gas, the i)roduct being then re- 
stored to atmospheric pressure and temperature. Kc'roseiie is reduced 
to abemt 32° F. (0° C.) under G atmospheres pressure and about 5 
volumes of coal gas fcjrced in; the pn^ssure is tluai increased to 8 at- 
m( 3 Si)heres and flie tempc'raturc lowered to about 0° F. (- 18° C.) and 
about 8 volumes of Pintsch gas introduced; or coal gas, acetylene, and 
hydrogc'ii aie succc'ssively introduc(^d into keroscnic at temperatures 
and pr(\ssur(\s ranging to — 32° F. (— 3G° C.) and 15 atmospheres. 
The product is kept under a pressure slightly above atmospheric. 

Concerning the absor[)tion process, Dykema ^ stales that any gas 
containing the hydrocarbons that constitute tli(‘ components of gaso 
line can be tn'ated by absorption for the recov(‘ry of tlu'se hydro 
carbons. Ri(*h casing lu^ad gas and still vai)or ccjntaining as much as 
4 gallons of gasoline' peu* 1000 cubic. f(‘et are being succc'ssfully and 
efficiently treat('d. Tin* proce'ss started, however, in the drying plants 
of companies pumping h'aji or “ dry gas which yields only a pint 
or less pt'i* 1000 cubic feet and this fact led to the general imjnvssion 
that richer gas('s were not amenable to the proci'ss. 

Effect of Temperature.- (las should always be cooled to as low 
a temp('ratur(' as is practicable without an undiu' (‘xpens(' for an arti- 
ficial c(-)oling plant. The primary reason lor cooling is that at low 
t(Mnp(*ratur(\s a given quantity of oil will absorb givatcM’ (luantities of 
gasoliiuq moreovc'r gasoline of a low boiling point will not b(' n'coveix'd 
by oil at teanperaturc's higlun* than that point. Thus low temperature 
not only incrc'ases the total pnxluction but also j)ermits a higher per- 
centage of saturation of the oil theix'by reducing the total oil circulated. 
Consequently the pumps, still, and other units have to do less work and 
fuel is saved. The oil sent to the towers should have a correspondingly 
low tern pc'rat lire for th(' same nnsons. 

Effect of Pressure. — The piTssures Ix'ing uscmI in the absorption 
process range from atmospheric to 500 ]X 3 unds per s(]uare inch. 
Although any pressure may be usixl, the pn'ssure determines the 
ai'tual volume of the gas, and this volume is a function of the velocity 
of flow through a tower of a givim cross section. Thus the pressure, 
it is noted, controls the cross .section or diamet(*r of the towers to be 
used, since if rate of flow is too great, oil is cai ried over mechanically 
and the oil and gas are in contact too brief a time to obtain the desiied 
extraction. P'low velocities over 75 feet per minute in the unbaffied 

* Bureau of Mines Bulletin 176 (1910), Recent Developments in the Absorp- 
tion Process of Recovering Gasoline from Natural Gas. 
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or open '’part of the tower arc too rapid, so tliat with such velocities 
the gas will usually carry oil with it froju the tower. 

The diameter of the towers used ranges from 18 inches to 12 feet 
and the pressures from a few ounce's to 500 pounds, the low pressure 
towers being the larger. For high pressui'e (100 pounds and over) 
the strength of pipe or metal necessarily limits the diameter. 

The percentage of gasoline that is absorbed by the oil is, within the 
limit of total saturation, controlled by the duration and intimacy of 
the contact between the oil and gas and th(^ temperature of the two. 
The duration is controlled by the v(‘locity of the gas and by the height 
of the effective or baffled part of the tower. Tliis fixes the height of 
the tower jis a function of the saturation desired or possible. Thirty- 
foot towers are yielding saturations as high as 6 per cent, and higlua’ 
towers are projected. 

Many substances have and are being tri('d for baffling in towers, the 
object being to obtain material that will Ukiw the greati'st- open space 
for the flow of gas and still break the gas into many fine streams that 
are continually divided and mixed, and in addition will expose a maxi- 
mum surface of the absorbent to the gasoline vapors. Wood gratings 
have been used in different plants and while the work done by them 
is satisfactory, it is stated that they constried the lower s('ction unduly 
and prevent the passage of the gn'atest volume of gas; that is, they cut 
down the capacity. Stone filling has the same effect but to a great('r 
degree. 

Chemical stonexvarc, blocks or tile are bein^ used successfully, hut they also 
hav(‘ a large bulk (50 per cent), which is absolutely inactive as far as concerns 
useful work. Hollow building tile are also used; they give salisfaetorv results 
but lessen the openings considerably. Steel cuttings are being tried, and, so far 
as the experiments have been carried, seem to giv(‘ better promisf' than other 
material. One company is using 15 pounds of stei*! cuttings per cubic foot of 
tower, a porosity of 07 per cent. An!)ther o|M*ral()r u.ses dt) pounds of the cuttings 
per cubic foot and has a porosity of 04 per cent Jn addition to this high per- 
centage of voids, the material offers an exceptionally large surface for exposing the 
oil to the ga.s. 

After passing out of the towers the gas is taken through a trap, 
where any oil carried out of the tower with the gas is separated and 
run back to the weathering tanks. 

Absorption Process. Oil Circuit ^ 

Cooling Coils. — (3il entering the towers should be as cool as is 
economically possible. To obtain this temperature the cooling is done 
^ Dykeaia, Bureau of Mines Bulletin, No. 17G, 1919. 
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in towers under water sprays. An ai-ea of 3 square f(^et of radiating 
surface [)cr gallon per minute is stated to be abundant, provided the 
pipe used is 2 inches in diameter and is placed in a well-designed and 
properly constructed cooling tower. The (piantity of oil circulated per 
1000 cubic feid of gas depends upon the gasoline content of the gas, the 
pressure, the t(^mi)erature of both the oil and gas, and the vapor tension 
of the absorbing jncHlium. Vapor tension is largely determined by tem- 
perature. As an int('resting example of this fact, a company is using 
gasoline as the absorbent, the vapor t(‘nsion of the gasoline being re- 
duced by the use of an ainmonia cooling plant to the point that permits 
absorption. In this plant the product from the tower is a marketable 
motor fuel and, consequently, nnlistilling is unnecessary. It is question- 
able, how(W(n’, whether equipment for ammonia cooling can be ('rected 
and ojierateil at nearly as low a cost as a still, which, in this instance, 
it rejdaces. 

Plants using pressures of 100 pounds and higher run the saturation 
as high as 0.5 p('r ecait, and many opca'ators believe, it is stated, that 
by incr(‘asing tlu^ h(aghl of tlu' tow(‘rs 50 to 100 per cent this figure 
may Ik' incn'asinl to 10 ])er cent. In plants using lower pressures 
(atmosplu'ric to 30 pounds) th(' saturation percemtage cannot be 
brought ^is high, 2 to 4 ]K'r cent IxMiig good practice under present 
conditions. The richiu'ss of tlu^ gas in gasoline vapor is of little 
moment as r('gar(ls saturation percentages. 

From th(' towers the oil is mn through automatic traps to a weather- 
ing tank. In this tank, which is held at low pressures (atmospheric to 
30 pounds) th(' dissolved gas('s are allowed to separate from the oil 
so that tlu' subsecpient units do not have to treat this gas, a consideration 
of impoi’tanci' in large, high-]:)ressur(' plants. The gas would also dilute 
the vapors from the still, causing a lower perc(mtage of precipitation 
in the coils. These gases with the uncondensed vapors from tlu' still 
are at many plants ti’catc'd by compn^ssion or in a small absorption 
unit working under low pressun*. After half an hour to 2 hours weather- 
ing the oil is either pumped through the heat interchanger or allowed 
to flow through it under the pressun^ held on the weathering tank. 

Heat.lnterchangers ^ 

Although many types of heat interchangers have been installed, 
the industry at present appears to have discarded all types except the 
jacketed line. Such interchangers are either made of two pipes, one 
within the other, each containing oil flowing in opposite directions, and 
1 Dykema, Bureau of Minos Bulletin, No. 176, (1019). 



coniK'ctod in sorios; or of ;i largo pipe with a nuinbor (five to eight) 
of smaller (1-inch to 2J-inch) pipes inside of it so arranged as lo give 
a continuous counter flow of oil. On its way to the still the oil is heated 
as high as 170° F. while the oil from the still is cooled to 180° F. In 
coils of the type most us('d a radiating area of 0.25 to 0.35 square feet 
is allowed for each gallon per hour passing through the unit on its way 
to the still. 


Stills used in the Absorption Process ^ 

With the exception of ex[)criments being made in liaflling material 
for towers, no part of absorption plants is now receiving more attention 
than the still. The older plants all used the type of steam still used 
in refineries, but this has proved ineflicient in absorption practice. Such 
stills are 8 to 12 feet in diameter and IG to 30 feet long. They are held 
one-third to two-thirds full of oil, which is all partly treated and con- 
tinuously dilutes the freshly saturated entering oil. The last 1 or 1| 
per cent of gasoline contaimnl in the oil is difficult to separate and send 
out as a vapor, and continual dilution keei)S the saturation of the oil 
in the still at the point where the vapors are most resistant; hence the 
distilling action requires excessive time as well as an undue amount 
of heat. 

The pan type of si ill seems to overcome at least part of these ob- 
jections, as the oil flows through in a small stream whih' being lu'aled 
by the steam coils and being treated with live steam in the bottom of 
the still. The entire o[)cra(ion requires only a f(‘w minutes and the 
separation of the gasoline fractions is accomplished more easily and 
thoroughly. Vacuum stills and also combination fire and sf(‘am stills 
are being tried. 

In distilling an absorption oil with open steam coils (which are 
necessary if the gasoline is to be vaporized at the temperatures used) 
not only the gasoline vaf)ors, but vaf)ors of the heavier fractions are 
driven from the absorption oil its('lf and these with the uncoruhmsed 
steam leave the still together. It is now th(‘ usual practice to pass this 
mixture of vapors through some apparatus by which their tempf'raturc 
is reduced through a transfer of heat to the oil entering the still. This 
transfer of heat is obtained either by direct contact between the oil 
and vapors or with a heat exchanger of the preheater type, in which the 
oil and vapors arc separated by walls of tubing. 

The object of this interchange is to precipitale as much as possible 
of the heavy oil and water vapors without condensing the gasoline 
vapors and also to recover a part of th(* h(‘at fi'om these vapors. 

^ Dykema, Bureau of Mines Bulletin, No. 176 (1919.) 
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From ail opan contact, or stone tower, which seemingly is not very 
cfjicicnt, the vaiior mixture has to he cooled further in water-cooled 
coils held at temperatures between 180*^ and 190° F. in order to remove 
completely thci heavy absorption oil fraction carried over. This 
knock-out ” coil has not been used in plants with a preheater type 
of unit at this point in the circuit. None of the absorption oil should 
be allowed to pass this point, as it would condense with and discolor 
the gasoline. A part of the water vapor will pass this point, but when 
this cond(‘nses with the gasoline it is easily separated by the gravity 
or the ovi'rtlow method. 

After (his point, the gases (gas, gasoline, and water vapors) are 
further cooled in water-cooled coils. 

Final Cooling Coils. — The vapors arc often cooled in submerged 
coils of 2-inch, 4-inch, G-inch, or 8-inch pipe, having an area of from 
2 to 4 scpiare feet per gallon of gasoline per hour. This type of coil is 
rapidly b(‘ing re]daced by spray-cooled coils in towers. Such coils arc 
gcanaally of the continuous return-bend type, made of 2-in(4i pipe, 
enough coils b(‘ing taken out, of a header to care for the volume of gas 
and vapor to Ix^ cooled. The total length of pipe or number of coils 
of given kaigth is computed on a basis of 2 to 3 square feet of radiating 
ai'C'a f)('r f!;allon of gasolin(‘ condensc'd per hour. The reduction in 
t('mperalur(‘ should cool the vapor as much as the absorption oil and 
gas (‘iitering the towc'rs are cooled; that is, as low as is ])Ossible with 
cooling by water sprays. Gasoline and water are condens(xl to licpiids 
in these coils and are separat('d tog('ther from the gas. Later the 
gasoline and water are separated by gravity in any one of the simple 
apparatus for this purpose or the water is drawn from the bottom of 
a ‘‘mak(' ” tank. 

Th(' gas from these coils carries some condensible gasoline vapors, 
and is further treated by comjxession or with a small (8 inches or 10 
inclu'S by 20 feet high) absorption tower. Oil for this tower is taken 
from the high-pressure oil line leading to the larger towers, and the 
saturated oil from the towers is sent directly to the still. Between 10 
and 25 p('r cent of the total plant production of gasoline is usually 
nxovei ed by this treatmemt. Some operators mix the weathering tank 
gas with the cooling-coil gases before this final treatment, but the value 
of this practice is stated to be doubtful. 

Gasoline made by the absorption process is especially sweet, has 
a high gravity (70° to 85° Be.), and as it comes from the still has a low 
(3 to G pounds) vapor tension. Commanding through these properties 
a premium in the open market, absorption gasoline is a more profitable 
product than either raw or blended compression condensate. For this 
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reason and because absorption plants cost less to install per 1000 feet 
of capacity and are more efficient than any others in use, absorption 
plants seem likely, it is stated, to supersede compression and refriger- 
ation plants for recovering gasoline from natural gas. 

The use of charcoal as a catalytic agent for reactions between 
gases has been employed successfully in many chemical f)rocesses. 
Dining the War it was used to good advantage in the manufacture of 
phosgene gas from carbon monoxide and chlorine, and found extended 
application as an absorbent for use in gas masks. Recently charcoal 
has been advanced as an absorbent foi- extracting gasoline from natural 
gas. Burrell and Oberfell ^ describe their pjocess for recovering 
gasoline from natural gas by means of chan^oal. They state that the 
charcoal process su[)plies the demand for a midhod of extracting gasoline 
from natural gas which is cheaper of installation than the old process, 
is more economical of operation, easier to o[)erate, works at one hundnxl 
per cent efficiency and may be utilized equally well on rich or lean gas 
and at high or low pressures. 

Three absorbers or three pairs of absorbei’s are used in a charcoal 
absorption plant. 

These are vertical absoi’bers and, d(‘pending upon the (‘apacity of 
the plant, will vary from 20 to 35 feet in height and 2 to 3 f(*et in di- 
ameter. These absoi’bers are packcal with a s[)ecially prepared, acti- 
vated, granular charcoal of high porosity. They are so coniK'cted 
that natural gas can be passed through each one in turn. The gas is 
passed through the first ab.sorber to the limit of the absorption capacity 
of the charcoal for gasoline, and thiui is automatically switched to the 
second absorber. 

In the meantime, in the first absorber, gasoline is distilled out of 
the charcoal and is cooled and collected. In othi'r words, ea(;h absorber 
is a combination still and absorber. When the second absorber has re- 
ceived its quota of ga.soline, the gas is automatically switched to the 
third absorber, and the second ab.sorber starts distilling. 

The charcoal in the first absorber is then cooled by means of residual 
gas from the third absorber before again receiving its chargi' of gasoline, 
and thus the process automatically and continuously proceeds with 
but little attention, working at 100 per cent efficiency and with sur- 
prisingly low operating cost. The charcoal lasts practi(*ally indefi- 
nitely, and actually becomes better with use. The charcoal has a 
large capacity to absorb gasoline vapor, .so that the natural gas passes 
through one absorber a long time before it is switched to another one. 

^ Petroleum Age, July, 1920, p. 79. 
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BENZOL. ,USE AS MOTOR FUEL AND MANUFACTURE 

With tlio use of benzol, toluol and other aromatic light oils as fuel 
for automobile engines we are, in a sense, falling back upon coal as the 
solution of the problem of motor fuel. Yet as coal is now treated, 
that is to say by I he process of coking, for example in by-product 
coke ovens, only a minute proportion of the coal substance appears as 
available motor fuel. Motor fuel derived in this way from coal is a 
by-produ(!t of (he steed industry, the main product being coke. The 
amount of light oil produced at th(‘. present time does not satisfy much 
mor(‘. than two per cent of (ho demand for gasoline. Obviously if we 
are to look to e^oal as the main factor in the solution of the problem, 
methods of tieatnumt other than (he well-known coking process will 
have to Ik' employc'd. 

One s((^p in this direction consists in distilling coal at relatively low 
temperatures. Th(^ low temperatiire distillation of coal yields a larger 
amount of oil, containing iiuMubers of the paraffin and oletin series, than 
the oiclinary or high temperature coking process and with further com- 
meicial development a consideral)!e amount of motor fuel may be ob- 
tained from coal treated l)y tlu^ low temperature distillation process. 

In 1910, 502,519,082 tons (2000 lbs. per ton) of bituminous coal 
were mined in the pLiited States, together with 87,578,493 tons (2400 
lbs. per ton) of Pennsylvania anthracite. 

It is also (\stimated that in the same year 307,207,000 barrels of 
. petrol(Mim wen^ produced in the United States. Assuming the ar- 
bitrary valu(‘ of 0.889 as an average specific gravity of the crude oil 
produced, it follows that about 48,000,000 short tons, in round numbers, 
of oil were produced as compared with over 590,000,000 short tons of 
coal. Arrhenius estimates that the world’s yearly production of 
mineral oils represents not quite three per cent of the energy contained 
in the yearly production of (*oah 

It would appear desirable that a method be evolved for converting a 
large percentage, say fifty per cent, of coal into li(|uid fuel. In this con- 
nection attent ion is directed to a process described in Chapter XXVIII 
whereby coal is converted into liquid fuel by treatment with hydrogen. 

It is evident that coal is one of our largest sources of energy. Its 
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solidity is due mainly, speaking from a chemical standpoint, to the 
fact that it contains a larger percentage of carbon than is found in 
petroleum. Hydrogen appears to be the clement which is needed to 
convert coal into liquid fuel resembling petroleum, as is shown by ex- 
periment. It may therefore not be idle to suppose that when more is 
known about the chemical constitution of coal and its reactivity in 
general methods may be found to secure a large yield of light hydro- 
carbons by suitable treatment. In these days of transportation dif- 
ficulties, a method by which coal could be partly converted, at the mines, 
into liquid fuel, which could be pumped to points of consumption is, 
to say the least, desirable; and with the application of the necessary 
research and encouragement, it is believed by the authors that dif- 
ficulties inherent in such a development are not insurmountabk?. 

George H. Ashley, chief of the Topographic and Geological Survey 
of the Pennsylvania Department of Internal Affaii’s, in a report filed 
with James F. Woodward, secretary of the department, (k'clares that 
the increased consumption of oil and gasoline in this country will neces- 
sitate the finding of additional sources of supply. He says that by 
proper treatment of 100,000,000 of the 180,000,000 tons of bituminous 
coal mined in this Stat(' each year the oil supply could be incrc^ased by 
more than 1,000,000,000 gallons. 

The State geologist said in his statement that at the pr(\sent lime 
there is no decrease in the supply of oil and gasoline in the country, but 
that rather there has been a continuous increase in the productiou. 
However, he pointed out, during the last year the demand has exceeded 
the supply and the country's re.serv(‘ stock has been reduccMl matiakdly. 
It hjis been necessary, because of the exportation of gasoline, to im- 
port oil from other quarters. The initial production of oil in new 
wells has l>een far below the initial production of w(‘lls in years gone 
by, he contended. The increasing co.sts in machinery and opei ation and. 
a smaller initial flow, taken together with the ever increasing demands 
for gasoline, according to Ashley, are responsible for thi^ higlu'r prices. 

In discus.sing the possibility of securing oil from bituminous coal, 
Ashley says: — 

Today, except for metallurgical purposes, we burn coal in a raw 
state, wasting, when used for power, from 80 to 95 i)er cent of the 
heat and energy in the coal and all of the oil, gas, tar and other by-pro(l- 
ucts, except as they are burned in the fire. It may safely be predicted 
that the next ten years will .see a revolution in our u.se of raw coal. Al- 
ready the by-product coke oven is replacing the old bee hive oven. 
The coke is made by the distillation of bituminous coal at a high tem- 
perature, around 1200^ F. (649° ( ’.), tlie quantity of gas given off is 
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icdiiccd and the coal is replaced by a smokeless fuel, called in one 
pr(?cess ‘ coalite,’ having the same heating value as an equal weight 
of coal and oil. A plant operating in England with English coal 
is reported as obtaining from one ton of coal: — 3 gallons of motor 
spirits suitable for every purpose for which gasoline is used; 16 gallons 
of oil similar to crude petroleum which can be used for burning, light, 
lubricating c)!* for 'distillation; 7000 feet of gas, richer in heat and 
higlu'r in candle power than ordinary coal gas; 20 pounds of sulphate 
of ammoniii for fertilizing and high explosives and 1400 pounds ot 
smokeless fuel. 

“ Contrasting tliese figures with those showing the production from 
by-product c()ke ovens now operating in the Pittsburgh district, it should 
be noted that the coke ovens operating at a high temperature give only 
1100 pounds of coke and no oil, but give 300 pounds of tar and only 
62 ])ounds of ammonium sulphate, 3 gallons of benzol and 7000 feet 
of gas." 

Benzol as a Motor Fuel 

Foxwell ^ holds the view that the deposition of soot or carbon de- 
posit on v:|lve settings, cylinder walls and ignition devices which has 
sometiiiK's occurred wh(‘n Ixaizol has been sulxstituted for gasoline is 
du(‘ to an insuthcicait air supply. 

Tins view is uplu'ld by Watson, Frost, Lloyd, Richards, Stern, Shaw 
and Wilson,^ who have givcai the matter thorough consideration. 

Th(‘ Ixaizol us(hI was similar in character to two samples purchased 
at (lirf(“i’('nt garages, and b('came practically solid at — 12° (^. (10.4° F.); 
the first indication of crystallization occurred at - 4° C. (25° F.). The 
ciystals at once sink in the liquid, and risk of choking the jet of the 
carl)ur(‘tor, as w(41 as that of impeding the flow of liquid, is incurred. 

. Ev('n if crystals do not sc'parate, the viscosity of the liquid at low tem- 
peratures may be sufliciently increas(‘d to infliK'nce the supply of fuel. 
The viscosity of benzol increases at a. greater rate than that of gasoline, 
and in c(fld weather it is important to heat the jet of the carburetor, 
or any constriction in the fuel-sup])ly service. A mixture of one part 
of ga.soline to three parts of benzol starts depositing at — 14°C. (6.8° F.) 
whil(‘ a mixture of eciual volumes of these liquids gives no deposit at 
- 21° C. (5.8° F.). It would be advantageous to mix 30 per cent of 
gasoline with benzol. The knocking produced at low engine speeds 
when gasoline is used as fuel is not observed with benzol. This appears 

^ (4iom. Al)s. 1014, 1407; J. Has Ughting, 125, 202-3. 

" J. S (\ I 1015, 266; Inst. Automobile Eng., December 1014; Proc. Inst. 
Automobile Fng. 7, 35. 
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to be. due to the fact that the critical temperature above which the 
charge fires, in a way resembling detonation rather than inflammation, 
is much lower for gasoline. Benzol added to gasoline causes a mai’kcd 
increase in the critical tem])erature, and an engine which knocks badly 
with pure gasoline runs quite smoothly with a mixture of equal parts 
of gasoline and benzol. When using less than twelve parts of air to one 
of benzol by weight the deposit of carbon in the engine is excessive, and 
the efficiency is greatly impaired. If the mixture is so adjusted that practi- 
cally no carbon monoxide is found in the exhaust gases, the carbon deposit 
is no worse than with gasoline. 

The Petroleum Committee of the Royal Automobile Club ^ sum- 
marizes its conclusions on the ap{)licability of benzol as motor fuel as 
follows: 

Benzol properly manufaetunHl giv(\s an average of 15 per cent 
more mileage than gasoline and great(‘r pulling power. The chief 
disadvantages are: (1) difficult starting in cold w(‘ath(a’, (2) sooting of 
the valves, (3) object ionabk* exhaust. 

A comparison between the power diweloped by gasoline, benzol 
and alcohol-benzol mixtures is given by Ormandy.^ A four cylin- 
der Mandslay engine with cylinders of 90 milliuK'ter bore and 130 
millimeter stroke and compression spac(‘ about om'-quarter of the total 
cylinder volume, was tested with difTenuit fuels with the following 
results: 



Power 

\'ol of Fuel 

Fuel used 

G.isoline 

u.s('(l. Gasoline 


- 1(X) 

j 

- 100 


per cent 

per cent 

Gjisoline . . 

too 

100 

Benzol ... . . ... 

OS 25 

S4 5 

Benzol (1 part) + methylated spirit (1 part) . 

00 

00 3 

“ “ '' (2 parts) . . 

02 

lOS 0 

“ “ “ “ (3 parts) 

01 5 

121.5 


The specific gravity of the gasoline was 0.710 (07.1° Be.) and of 
the methylated spirit 0.815 (41.8° Be.). Two qualities of Ixuizol 
were used, namely, 90 per cent, with specific gravity 0.885 (28.2° Be.) 
and 50-90 per cent, with specific gravity 0.875 (30°B7‘.). Ifoth ben- 
zols gave, it is said, the same res\ilts when mixed with alcohol. In t!ie 
above tests the engine was run at 1000 R.B.M. 

» Chom .Vhs 1913. 1411; Gas World, 5S, H.’S-O. 

2 J. 8. C. I. 1013, lOOOA; J. G.i.s Lifthting, 1013, 124, 580. 
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A study of relative volatility of benzol (coal), gasoline, alcohol, 
alcohol-benzol mixtures, toluol and alcohol-benzol toluol mixtures has 
been made by Meneghinid The method used consisted in aspirat- 
ing a constant volume of dry air over a small amount of the liquid 
(contained in a U-tube in a thermostat at 25° C.) under a slight sub- 
atmospheric pressure (40 mm. of water). The difference in weight 
of the U-tub(^ gave the amount of substance evaporated. Alcohol of 
99, 95, 90 and 80 [xt cent respectively, gave 1.99, 1.90, 1.85 and 1.85 
per cent of evaporation. Propyl alcohol gave 0.85 per cent, benzol 



Fig. 199. 


5.10 per cent, toluol 1.75 p(‘r c(‘nt. Alcohol-benzol mixtures con- 
.taining })y volume 10, 20, 50, 50, 70, 80, and 90 jx*r cent, respectively, 
of’lx'nzol gave 5.80, 4.95, 5.90, 0.20, 0.50, 0.25, and 0.20 per cent. 
(The mixture of maximum volatility appears therefore to be that 
containing 70 per (;ent benzol and 50 per cent of alcohol by volume 
and this j)ossess(‘S a volatility greater than that of alcohol or benzol 
alone.) Addition of toluol to benzol -alcohol mixtures amounting to 
10 per cent of the volume of the benzol does not, it is said, appreci- 
i\bly influence the velocity of evaporation. 

For alcohol-toluol mixtures containing 10, 25, 50, 60, 75, 90 per 
cent, respectively, of alcohol the figures were 2.90, 5.15, 5.10, 2.95, 
2.65, 2.25 per cent. II('r(‘ the mixture of maximum volatility consists 


» J. S. C. I. 1915, 603A; Annali Chim. Appl. 1915 [3], 235-244. 
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of about 25 per cent alcohol and 75 per cent toluol, although the rate 
of evaporation of this optimum mixture is only half that of the optimum 
alcohol-benzol mixture. See Figs. 199 and 200. 

Benzol-toluol mixtures with 15, 30, 50, 70 and 90 per cent of 
benzol gave, respectively 2.50, 3.40, 4.30, 4.80 and 5.05 per cents of 
evaporation. Values obtained from commercial benzol, toluol and 
alcohol were practically the same as those given by ihe pure products. 
A commercial gasoline gave a value of 20.50 per cent [density = 0.700 
(70° B4.)]. 



Alcohol 
Fig, 200. 


Since commercial benzol freezes at about — 5°C. (23 L.) Dieterich- 
Helfenberg ^ recommends a mixture of ^ light petroleum naphtha 
(specific gravity 0.650) and f commercial benzol. Riicli a mixtures 
has the additional advantage of posse.ssing a lower temperature of 
gasification than benzol alone. 

A. GrebeP points out the necesisity of careful washing of benzol 
and states that the poorly washed product corrodes the motor. 

The following table gives certain physical constants for the fuels 
mentioned. 

1 Chem. Abs. 1914, 2618; Pharm -Post, 47, 183-9. 

2 Chem. Abs. 1909, 711; Le G6nic Civil, 53, 113-6; Through Petroleum. 3, 

1131. 
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. 

o • 

Cl r* 

Cal. 

per 

kg- 

Cal 

per liter 

1 

Freezing 

Point 

Boil- 

ing 

Point 

Vap. 
Press. 
Mm. Hg. 
at 20° C. 

Gasoline 

0.700 

11,461 

8025 

- 100° C. 

50° C. 

296 

90 per cent benzol , 

0.885 

10,033 

8879 

- 6 to - 8° C. i 

81° C. 

122 

Alcohol (tienatured) 
Alcohol, carbureted 

0 835 

5,954 

4971 

- 100° c. 

78.4° C. 

51 

with benzol . 

0.85t 

7,874 

6728 

- 11° c. 

67.0° C. 

106 •• 


Attention is called to the fact that the boilinfj; point of the alcohol- 
benzol mixture is lower than that of either alcohol or benzol alone. 

A. Spilker ^ emphasizes the necessity for refining raw benzol with 
sulphuric acid before using it as motor fuel. Urude benzol is stated 
to contain mati^rial which caus(‘s clogging of the valves with resinous 
Tind pitchy matter, whereas refined 90 per cent benzol is free from this 
objection and constitutes an (‘xcellent substitute for gasoline. The 
residue from the evaporation of cruder benzol which stood three months 
is reported to have been 1.86 gram per kilogram. Refined 90 per cent 
benzol, ho^vever, left no weighable residue on evaporation, even after 
standing three months. Uydopentadiene is suggested as the source 
of the resinifiable matter.^ 

1 J. S. C. I. into, (ilOA; (-horn. Zoit. 1010 (34), 47S--470. 

2 Kraemer and Spilker. J. S. L 1. l.SOO, 443; Bor. ISOO (20), 552-561, have 
isolated a reaetivo hydrocarbon from crude benzene to which they have assigned 
the name cyclopcntadiene 

HC — Oil 

II II 

lie CII 

\/ 

Clh 

The first runnings from crude benzene or compre.ssed gas oil formed tlie raw 
material for the investigation. It was soon observed that jirolonged standing af- 
fected the boiling points of these oils in an upward direction. Careful fractiona- 
tion of the light oils Ihm chamjed, vielded a li(iuid boiling at 160'’ to 175° C. (320°- 
317° F.), from which the hydrocnrboij, named cyclopentadiene was isolated. It 
boils at 41° C. (106° F.) (corr.) under 760 millimeters’ pressure, specific gravity 
0.815 at 15°/15°C. (59° F.); it is in.soluble in water, but mi.scible in every pro- 
portion with alcohol, ether and benzene. Concentrated sulphuric acid and nitric 
acid cause it to explode; dilute acids and alkalies resinify it. It reduces an 
ammoniacal silver solution containing potash and fonns mono-, tri-, and tetra- 
chloro compounds. 

Dibromcyclopentene is obtained by combining cyclopentadiene, suspended in 
twice its weight of light petroleum, with the theoretical quantity of bromine at 
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F. Sperr,! in purifying heavy naphtha by treatment with acid 
and alkali, finds that it is more advantageous to dissolve the heavy 
naphtha in light naphtha (previously acid treated) and then to com- 
plete the chemical treatment of the solution, than it is to treat the 
heavy naphtha separately. The sticky polynuaized products resulting 
in the latter case are thereby rendered more mobih' and easy to handk'. 

Comparative analyses of the exhaust gas obtained with gasolines 
and a benzol mixture as motor fuel an^ given by I. C. Mackie the tests 
.I)eing made at the same engine s|)ecd (about 17 miles per hour), and with 
various settings of the carburetor needle valve. lh(‘ benzol mixture, 
termed “ disco fuel,” consisted of 72 per e('nt benzol, 21 i)er cent toluol, 
and 7 per cent solvent naphtha. For all ordinary settings of the needle 
valve the exhaust gases from the benzol tests contained more carbon 
dioxide, more free oxygen, and less carbon monoxide than those from 
the gasoline tests. Other tests were mad(‘ to determine the effect 
of various adjustments of the cold air inl(‘t to the carburetor, leaving 
the needle valve unaltered, and the results indieatcal that no alt(‘ration 
of carburetor was necessary in changing from gasoline* to benzol mixture's. 
A test under extreme conditions, with the engine speed as be'fore, in a 
garage heatcxl to 110° F. (43° (\) and with the* cold air inle't to the^ 
carburetor closed, showed that even under such conditions the com- 
bustion was more complete with the benzol, and the same conclusion 
was drawn from tests in which the speed of th(' (‘iigine was varied, and 
under actual driving conditions on the level and climbing a hill. 

Mackie affirms that benzol issup(‘rior to gasoline' as regiuxls the {)ow('r 
dcveloixid by the engine and the mileage* obtaineel per gallon aiiel has 
the further advantage that the spark lever can be* le*ft in the aelvane'eal 
position, even when the engine is at le)w spe'e'd, withe)ut the^ le'ast 
trouble due to premature explo.sion. The^ e)ne disadvantages e)f benzed 
fuels, as normally obtained from gas, Mackie e'eensielers is their i-ela- 


- 15® to - 20® C, (+5® to - 4® F.). It forms coIorN'Ss crystals mcltinp; at tf)® to 
46® C. (113-115® F.), is readily .soluble in benzene and chloroform, but de'oompose.s 
per se or when treated with alcohol and w.iter 

It is maintained that the results obtaine'd on chlorination and brornination • 
confirm the correctness of the formula orl^^lnaIlv assiji^ned by Kraemer and Spilker 
to cyclopentad ienc, the discovery of which fills a gap in the indene s(‘ries, thus: 


02112 *^ - (UlU 

\/ 

oil, 

Cyclopentadiene 


CJL - U 2 H 2 " 

\/ 

CH, 

Indene 


CV4r4-(V>ll4 

\/ 

CHs 

Fluorene 


1 U. S. Patent 1,246,671, Nov. 13, 1917. 

* J. S. C. I. 1919, 808 A: Canadian Chem. J., 1919, 3, 295-297. 
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iively high freezing point. This may be obviated by blendii^g them 
mill sufficient gasoline (c.g. 50 per cent) to give a suitable winter 
fuel, or by the addition of a larger proportion of toluol or xylol to the 
benzol.^ 

W. Goslich ^ has detei’inined the fuel economy resulting from the 
addition of benzol to alcohol and utilizing the mixture in a Korting’s 
alcohol engine. Mixtuies were us(h1 containing up to 30 per cent benzol 
by weight and t he kilograms of fuel consumed per hoi-sepower hour were 
d('termined and compared with the original fuel (86 per cent alcohol 
by weight ). In all cases a fu(‘l economy (by wdght) was noted. The 
largest saving was observaal in th(^ mixture containing 20 per cent of 
b(‘nzol by w(‘ight. Ilcae 0.37 kilos were consumed p(‘r horsepower 
liour as companal with 0.42 kilos for the alcohol, representing a 
gain of 12 p(‘r cent over the original alcohol fuel, under practically 
th(‘ same op('niting conditions, namely, speed 227 228 H.P.M. and a 
develop(‘d horsc'power of 8.0. TIk^ observation is made that whether 
the fu(4 ('conomy results in a financial gain depends upon the relative 
prices of alcohol and Ix'uzol. 

Alt hough the heating valu(‘ of alcohol is lower than that of petroleum 
benziru' it is clainKal to be tlKaanally more efficient in an internal com- 
bust ion ('ngine, 23 to 24 p(‘r c('nt of its heating value Ix'ing utilized as 
against 14 18 per ciait for petroleum Ixaizine.^ 


Benzol and Motor Fuel from Coal 

Benzol and toluol ar(^ closely allied sul)stances. Benzol is either the 
pure substance' benzc'iK' (Uolh,) or a mixture (*ontaining benzene as 
one component. Benzol is graded commercially as crude or refined, 
and according to the percentage whi(*h distills below 100° U. (212° F.). 
Ih'firual benzol has been waslu'd with sulphuiic acid and with alkali, 
a proct'ss which gives a colorless or '' white' ” product . Crude benzol 
has not been so treated, aiid is apt to contain carbon bisulphide, thi- 
ophen, and probably pyridin, and to have a dark or straw color. 

‘‘ Pine U'lizol ” should be the pure substance benzene (CeTTc,), 
boiling point 80.5° C. (176.9° F.X melting point 5° C. (41° F.), specific 
gravity 0.884 at 15° C. with only trace's e)f imjairities. 

• The term be'nzol/’ however, is also used in ea)mmerce and in tariff 

^ In Nova S(*otia the uso of benzol and solvent naphtha for motor fuel has been 
steadily increasing according to I. (’. Mackie (.1. S. C. I. 1010, .308 R.). 

2 .1. 8. C. I. 1000, 320; Zeits. Spiritiisind. 1000 (23) (8), 05. 

3 J. S. C. I. 1001, 853; U. 8. Cons. Reps. Vol. LXVI, No. 250, July 1901. 
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codes to describe mixtures containing benzene as one component.^ 
For example, a crude 90 per cent benzol '' is a product of which 
approximately and at least 90 per cent distills below 100^ C. (212^ F.). 
It will contain about 70 per cent of benzene, 24 per cent of toluene, 
and 6 per cent of impurities of a different chemical nature. 

Toluol is the pure substance toluene (CyHs) or a mixture containing 
toluene as one component. Toluol, like benzol, is graded as crude and 
refined and also according to the percentage distilling below 120° C. 
(248 F.). ^Ture toluol should consist of the substance toluene 
(CyHs) with only traces of impurities. 

The impure grades are used chiefly as substitutes for turpentine (as 
a thinner for paints and varnish), in paint removers, and as a solvent 
for many organic substances. They can be used as a substitute for 
gasoline as a motor fuel whenever the prices are low enough. 

During the war nearly all the available sui)ply of toluol was marketed 
in the pure grade for the manufacture of explosives, dyes, and other 
chemicals. With the disappearance of the demand for explosives much 
of the toluol will be marketed in a less pure condition for use as a solvent 
or fuel. 

Benzol and toluol are derived from coal tar, but these oils are ob- 
tained chiefly by removing or “ stripping them from coai gas and 
carbureted water gas. Before the outbreak of the European war, such 
stripping plants were not in general use but in recent years they have 
been installed at every by-product coke-oven plant in the United States 
and in many plants supplying illuminating gas for city distribution. 

In addition small amounts have been secured by passing petroleum 
oil through red-hot iron tubes under pressure. The oil is thereby 
partly cracked ” into gasoline, benzol, toluol, and other products. 

A certain amount has been secured by the distillation of crude petro- 
leum oil of unusual composition found in Ualifornia. As a general rule 
{■)etroleum oil contains no benzol or toluol 

The most striking fact brought out by statistics of the domestic 
supplies of crudes is the great increase in the output of benzol and 
toluol. In 1914 the production of crude light oils was 8,464,274 gallons, 
an amount sufficient for the production of about 4,500,000 gallons of 
benzol and 1,500,000 gallons of toluof. In 1917 the output of benzol 

^ United States Tariff (Commission Report on Dyes and Related Coal Tar ' 
Chemicals (1918). 

2 The commercial isolation of toluene from petroleum spirit in the form of its 
mononitro derivative has also been a feature of the late war. Vast amounts of 
TNT have been manufactured from this .source, and, it is asserted (J. S. C. I. 1920, 
3R) to a large extent this operation was a deciding factor in the struggle. 
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was 40,192,930 gallons and of toluol 10,219,830 gallons. In li)18 the 
output of benzol is estimated to have been over 52,000,000 gallons, and 
of toluol about 14,000,000 gallons. The increase in output is due 
primarily to the need for these materials for the explosive industry 
during the war. It is estimated that 95,000,000 gallons of benzol will 
be produced in this country in 1920 and that this will represent only 
about two pGV cent of the gasoline suppliers for the year.^ 

Now that the military demand for these products for the manu- 
facture of explosives has disappeared, the productive^ capacity of thp 
plants is far in excess of the reMpiirements for the manufacture of dyes 
and oth( 3 r chemical products. Benzol and toluol find important uses 
as solvents, especially in paints. They can be' used as fue'l for internal 
combustion engines either alone or mixed with gasoline or alcohol. The 
price' of benzol and toluol may therefore be^ e'xpe'cte'el to de'cline until 
it is profitable to use^ them for fue'l in competition with gasoline. A 
similar condition will exist in Englanel and (h'rmany. However, the 
Unite'd States, being the largest proeluce'r anel exporter of gasoline', 
should have the lowexst prie^e^ for gasoline of any nation and, therefore, 
the lowest price for benzol anel toluol. 

Previous to the war very little attention was paiel in France to 
the 3 pre)eluction of pure benzene and toluene*'^ but the requirements 

‘ It is estimated that Franco requires at least 176,{X)0,0(X) gallons of motor 
spirit annually, and before the war some 19,000,000 gallons of bemzol, mostly im- 
ported, wore used for internal combustion ('ngines. To the continuance of the 
recovery of benzol at gas works and to the extension of the recovery at coke works, 
France must look to supply the want. The possibilities of improvement and economy 
in the treatment of the benzol-laden wash oil are considerable. CVude benzol is 
recovered from the wash oil by the aid of direct and indirect stc'am. If the products 
from the debenzolizing still are all condensed together, the greater part of the heat 
in the indiiect steam is lost, and it is suggested that the vapors coming from the 
still should at once, and without condensation, be submitted to a process of frac- 
tional separation. This was first firoiiosed by Mallet and has been carried out 
at Lens, Auby and Sluiskill. The proce.ss consists in passing the vapors from the 
debenzolizing still through two or more rectifying dephlcgmating columns in 
succession. By this means a high yield of specially pure intermediate products 
is obtained and less chemicals are reipiired for w'ashing. Berthelot considers that 
the fractionating column wdth bubblisg trays is likely soon to be replaced by con- 
tact columns and insists on the importance of the dephlemator, which, especially for 
the final rectification, should be capable of returning to the column as liquid four- 
* fifths of the vapor which enters it. The function of the dephlegmator is not to hold 
back the vapor of the less volatile licpiids, but to provide return liquid for the column. 
This return liipiid should enter the fractioning column about halfway up. The use 
of a vacuum for the fractionation of the higher boiling products is not warranted 
by experience. (C, Berthelot. Cnim. et Ind., 1919, 2, 1017; J. S. C. I. 1919, 942A.) 

2 A. Baril. Chim et. Ind., 1919, 2, 1013-1016; J. S. C. I. 1919, 942A. 
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Fig. 200a. — The United (ias Improvement ( ompany Vertical Retort i.'jst 
(Sectional clcvational view). 
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of the Explosives Department during the war enforced the production 
of these products at the Paris gas works. Formerly the intermittent 
system of rectification was employed, and this necessitated a consider- 
able number of operations to obtain pure products, and the loss in 
handling was considerable. A continuous system was therefore adopted, 
namely, that of Egrot et Grange, wliich consists of three-column stills 
set in cascade, each having its own dephlegmato"’ and condenser. 
Crude benzol was fed into the uppermost column and passed through 
the others in succession. The carbon bisulphide and low-boiling im- 
purities were removed by the first column, pure benzene distilling 
within 0.5°~0.7^ C. was obtained from the condenser of the second, 
pure toluene of a similar degree of purity from the third and solvent 
naphtha containing only a trace of toluene was discharged from the 
bottom of the third still. The apparatus, which worked with great 
regularity and gave very little trouble, was able to treat from 35 to 42 
tons of washed crude benzol \yer 24 hours, using only about f of the 
amount of steam required to effect the same degree of separation in an 
intennittent apparatus. 

The chief commercial sources of benzol and toluol are coke-oven 
giis, carbureted water gas, coal gas and oil gas. The tar which results 
from the coking of coal and from the deconqxxsition of ix'ttoleum oil 
in carburetoi's of water gas i)lants and in the manufacture of oil gas 
also contains light oil, including benzol and toluol, but these hydro- 
carbons remain for the most part- in the gas. 

H. C. Porter ^ observes that high-grade gas coal yields nearly 1 per 
cent of gas benzol by weight, the value of which in the crude state 
is in the neighborhood of 20 per cent of that of the coal; the light 
oil of tar, on the other hand, constitutes only 0.1 to 0.2 per cent of 
the coal. 

A practice quite common in many cities of the L^nited States consists 
in operating a carbureted water gas plant and a coal gas plant in con- 
junction with each other and mixing the resultant gases. This practice 
comprises certain ec(momies in plant operation. On the Pacific coast, 
where coal is relatively ex[)ensivc as com})ared with oil, the manufacture 
of oil gas is common. This process consists in spraying a mixture of 
oil and steam onto highly heated checl^er bricks, the latter having been 
previously heated by hot gases resulting from the combustion of oil. 

The following table gives the approximate yields of crude light 
oil and the composition of the latter obtained from the several varieties 
of gas. 

1 Bureau of Mines Technical Paper 89 (1915), p. 5, “ Coal Tar Products." 
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Table 5. — Approximate Yields of Crude Light Oil and Pure Products and 
Approximate Composition of Crude Light Oil ^ 


Approximate Yield of Crude Light Oil 


Kind of gas 

Yield 

Coal g:is: 

lloiizontal retort*, .... 
Continuous vertical retort ^ . . . . 

Inclined reti^rt 

(Joke-oven gas, run of oven. 

Carbureted water gas 

Oil gas 

3. 0-1.0 gallons jier short ton coal carbonized 

1 5 2.. 5 gallons i)er short ton coal carbonized 
1..S-2.3 gallons per short ton coal carbonized 

2 0-3. () gallons per short ton coal carbonized 
<S -10 p(*r cent of volume of gas oil used 

0 2-0 3 gallons per 1000 cubic feet of gas 


Approximate Composition of Crude Light Oil 



Benzol 

Toluol 

Solvent 
naphtha, 
wash oil, 
naphtha- 
lene, etc. 

Coal gas: 

Per cent 

Per cent 

Per cent 

Horizontal retort 

.50 

1.3- IS 

3.5 

Continuous v(‘rlical retort. ^ 

30 

10-1.5 

.5.5 

InclitK'd retort . . 

4.5 

L3-1S 

40 

(k)ke-oven gas, run of oven 

.50 

14-18 

3.5 

Carbureted wat(*rgas 

40 

20-2,5 

37 

Oil gas . 

SO 

8-10 

10 


Approximate Yield of Pure Products 



Benzol 

Toluol 

Callous per sliort ton coal carbonized: 



Coal gas: 



Horizontal retort 

1..5 

0.4 -0.5 

Continuous vertical retort - 

.6 

. 2 - . 3 

Inclined retort 

.0 

.2 - .4 

(^oke-oven gas, run of oven 

1.5 

.3 - .5 

Callous ])er 1000 cubic feet of gjus: 



(Carbureted water gas .. 

.15 

.06- .10 

Oil gas - 

.25 

.02- .03 


1 Huroaii of Standards, Technologic Paper No. 117, by McBride, Heinicker and 
Dunkley. 

2 Information from only on(‘ continuous vertical retort installation included here. 

3 The yield of toluol is variable according to amount of nil used in manufactur- 
ing the gas, being equivalent to about 2. 0-2. 2 per cent of the gas oil used in the 
plants investigated, but perhaps only about 1.6 per cent in many cases. 
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It wijl be noted that, according to Table 5, as regards the compo- 
sition of the light oil condensed from the various gases, that from oi! 
gas contains the lai'gest proportion of benzol, with coke-oven and 
coal-gas light oils following, while the light oil from (‘arburetcd water 
gas contains a larger proportion of toluol than occurs in the other varie- 
ties of condensate. 

Reniovdl of Light Oils from the, Gas^ 

To recover light oils from the gas the method now almost universally 
employed is to bring the gas into (‘ontact with a medium which has a 
solvent action upon the light oils. In any case to obtain complete 
absorption it is necessaiy that an adequate amount of the washing 
medium be brought into contact with the gas at a siiffi(‘iently tow 
temperature. The temperature usually should not exceed 30° (\ 
(8G° F.). The temperatures obtainable in practice will, of course, de- 
jx^nd upon the facilities available for cooling the gas and the washing 
oil. It is desirable to have the oil a little' warmer than the gas to pre- 
vent condensation of water from the gas into the oil, which gives trouble 
in the further stages of recoveiy. The amount of washing medium 
circulated through the washers will depend upon the amount of light-oil 
vapors present in the gas, the temperature' of the^ washing meelium, the 
amount of gas to be washed, and the saturation of the washing medium 
which it is feasible to obtain. About 10 gallons Kjf wash oil per 1000 
cubic feet eif gas washed seems to be an average figure. 

The wa.shing medium now usually employed for this purpose in this country is 
a petroleum distillate called from its color “ straw oil.” Some plants use a creos(/to 
oil obtained from the distillation of coal tar d'lie choice seems to depimd largely 
upon which is available in a given ca.se. 'The qualifications which a wash oil should 
possess seem to be substantially as follows: 

A creosote oil upon distillation should yield not to exceed .5 per cent uj) to 200” C. 
and not less than 90 per cent betw'cen 200” and 300° (t Odie oil should not con- 
tain more than 7 per cent naphthalene and should not show' any marked increase 
in viscosity dowm to 4° ( .^ The oil should be as fluid as possible under the working 
conditkms and should have as small capacity for heat lus possible. 

The characteristics of a straw oil for this purpo.se, as recommended by some 
operators and which are concurred in by the^ committee of coal-tar products, are 
substantially as follow's: 

1. Specific gravity not less than 0.800 (34° B(^.) at 1.5.5° U. (00° F.). 

2. Fhush point in open cup te.sts not le.ss than 135° C. (275° F ). 

3. Viscosity in Saybolt viscosimeter at 37.7° C. (100° F.) not more than 70 
seconds. 

4. The pour test .shall not be over — 1.1° C. (.30° F.). 


1 Bureau of Standards, Technologic Paper 117. 
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5. WJicn 500 c.c. of the oil are distilled with steam at atmospheric pressure 
collecting 500 c.c. of condensed water, not over 5 c.e. of oil shall have distilled over. 

6. The oil remaining after the steam distillation shall be jioured into a 500 c.c. 
cylinder and shall show no permanent emulsion. 

7. The oil shall not lose more than 10 per cent by volume in washing with two 
and one-half times its volume of 100 per cent sulphuric acid, when vigorously agi- 
tated with acid for five minutes and allowed to stand for two hours. 

Some operators claim to have successfully used ordinary gas oil, w'ater-gas 
tar, or coal tar. Other operators, however, state that when gas oil is used, the 
paraffin and olefin compounds in it are likely to contaminate the light oil and that 
on account of emulsification, this oil soon becomes unfit for use. \\ ater-gas tar if 
used more than once may soon become too thick for use and also may lead to serious 
naphthalene deposits in the distribution system. 

The advantages claimed for tar as a washing medium are briefly as follows: 
(a) The reduction in the investment in wash oil; (5) the elimination of delays 
from shortage of wash oil; (c) the direct recovery (without separate distillation) 
of the toluol and carbolic oils originally present in the tar; and (d) the elimination 
of those troubles caused by accumulation of naphthahaie in the washing medium 
during repeated use, which troubles do not occur with the use of tar since it is not 
used more than a few times. It is sometimes claimed that tar need be used only once; 
but, on the other hand, it is pointed out by the ojiponents of the tar-washing process 
that since in coal-gas manufacture there are only about 10 gallons of tar produced 
per ton of coal carbonized and from 2.5 to 4 gallons of light oil, if tar were used for 
washing the gas and employed but once it would have to absorb from 25 to 10 per 
cent of its own volume of light oil in one operation. Likewise in water-gas manu- 
facture, each gallon of gius oil produce.s only about 0.15 to 0 2 gallon of tar and about 
0.1 gallon of light oils. To use the tar but once would therefore require an ab- 
sorption of about one-half to two-thirds of its volume of light oil. An absorption to 
such an extent is a physical impossibility. In fact, an enrichment of the washing 
medium greater than perhaps 2.5 to 3 per cent in coal-gas practice or of 4 to 5 per 
cent in water-gas practice is not desirable, since serious losses are likely to occur. 


Stripping the Wash OiV 

To separate the light oils from the wa.4i oil in which they are dis- 
solved, some form of still is employed. The difference in ixiiling points 
makes possible the separation. In small plants either continuous or 
intermittent stills may he used. The .separation of light oils from the 
benzolized wash oil should be nearly complete. It is stated that good 
operating practice will leave only from 0.1 to 0.3 per cent of oils dis- 
tilling below 200^ C. in the debenzolized oil. In large plants there are 
used continuous stills in which steam comes in contact with the wash, 
oil and boils off the light oils. The light-oil vapor.s, together with the 
uncondensed portion of the steam, ascend through a series of chambers. 
In their ascent they come in contact with descending wash oil carrying 

^ Bureau of Standards, loc. cit. 
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light oils which they assist in freeing. The light-oil vapors, together 
with some steam, naphthalene, sulphur compounds, etc., pass away 
from the still and are condensed. Some operators advise the use of 
steam sufficiently superheated so that nearly all of it leaves the still 
uncondcnsed with the light-oil va[X)rs. 

In plants stripping water gas, trouble is experienced by the sepa- 
ration from the wash oil of polymerization products of a gummy nature, 
and provision should be made for the settling and removal of this sludge 
from the wash oil. Suitable provision should also be made to ronmve 
any water that separates from the wash oil at the scrubbers and in the 
circulating tanks, since water not only interferes with the ojxiration of 
the strii)ping still l)ut also lessens the absorption of light oils from the gas. 
The princi[)al sources of this water arc: (n) The mist carried forward 
with the gas when direct gas coolers are used; (h) condensation from 
the gas when the temperature of the wash oil is lower than that of the 
gas; (c) wet steam supplied to the stripping St ill; and (d) condensation 
from the direct stc'jim supplied to the stripping still when the tem- 
peraturo of the benzolizc'd oil leaving the superheater is too low. 

To obtain from the light oils those constituents which are in most 
demand, a further separation by distillation and chemical treatment is 
necessary. The light oil is distilled in some form of still, usually ecpiippcd 
with a rectifying column and (h'phlegmator. The latter apparatus 
acts as a partial condemser in which part of the vapor is condensed 
and, hdling downward through the rectifying column, meets the as- 
cending vapors and waslu's from them a portion of the high-boiling 
constituents. Only the light low-boiling constituents are able to pass 
the dephlegniator unconden.sed. What va])ors shall W allowed to pass 
on to the condensers depends ui)on the temperature maintained at the 
dephlegmator. This temperature is regulat(‘d according to the par- 
ticular oil which it is desired to separate from the light-oil mixture at 
any particular stage of the distillation. By the use of the dephlegma- 
tor and rectifying column, it is possible to obtain much more definite 
separation of the l^enzol, tohiol, and other aromatics than would other- 
wise be possible. In making the first distillation of the light oil, it is 
Usual to collect the distillate in three successive portions or fractions, 
making the cuts ’’ at predetermined temperatures. The first fraction 
is collected in a containing vessel or receiver until the temperature at 
the top of the still is lOO'’ C. (212'' F.). This fraction is called crude 

I IbU, 
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benzol, >siricc benzol is its chief constituent. The flow of distillate is 
then diverted into another I'eceiver and collected until a temperature 
of 120° C. (248° F.), is reached. This fraction is termed crude toluol, 
from its chief component. The fraction collected above 120° (J. 
(248° F.) is called crude solvent naphtha, from the use to which it is 
put, as a solvent of various materials. The Ixnling points of pure 
benzol and pure toluol ar(^ about 80° (\ (170° F.) and *110° (\ (230° F.), 
respectively. It will be noted that on(‘ of the changes of fractions or 
cuts is made midway between these boiling points, while the boiling 
|X)int of pure toluol is midway between the other cuts. 

The above procedure is not universal. Some operators collect 
the crude benzol and toluol togetlxM- and subsequently separate them. 
Some of the impurities present, in the ei-ude fractions have boiling 
points so close to those of benzol and toluol that th(‘y cannot be sc'pa- 
i-ated from them by distillation. To reniov(‘ a certain class of these 
compounds, the unsaturated hydrocarbons, the fractions are washed 
successively with strong sul[)huric acid, caustic soda, and water. The 
unsaturated compounds form a thick, tarry mass which settles out by 
gravity upon standing and is drawn off. The fractions ai‘e then I’e- 
distilled in stills with more efficient rectifying columns than those used 
for the crude distillation, and fractions are finally obtain'd which boil 
within a single degrees of the temperatures which have been determined 
as the boiling points of pure benzol, toluol, etc. 

Supply of Coal Suitable for By-Products Manufacture. — In addi- 
tion to the coal remaining in the great fields of coking coal in western 
Pennsylvania, which produce over fiO per cent of the cola' made in the 
United States, this country has, it is stated, an entii’cly adeqiiatt' 
source of tar, benzol, and other by-products in the coking coals of 
other districts. Coal fields in WTst Virginia, Mrginia, and east('rn 
Kentucky may be drawn on, if nec(‘vS.sarv, for much more coking coal 
than they now produce. VIost of the western P(‘nnsylvania coals, 
if coked in by-products ovens, will yield good coke and by-products, 
so that on the basis of th(' supply of high grade coking coal available 
there seems to be no reason why the use of by-product ov('ns should 
not be extended so as to yield whatever tar and benzol aic nxiuired. 

Oil and wator-gas tars form(‘(I from the petroleum used in the manufaelure of 
giis were produced in the United States in 1912 to the amount of 33,930,000, 
gallons.* These tars are thinner than ordinary coal tar but contain many of the 
same constituents, such as benzene, toluene, xylene, naphthakme, and anthracene, 
in smaller proportions, and may contribute a little to the raw material of some of 
the refined products described below, as the demand for raw materials incn'ases. 

* Bureau of Standards, Technologic Paper 117, p. 10. 
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G. Stevenson ^ refers to th(‘ observation that limestone when inti- 
mately mixed with coal rich in hydrocarbons and with a high oxygen 
content, commences to decompose at a temperature lower than that 
of th(^ resinous and other matt(‘r contained in the coal and that the 
actions taking place slightly retard the evolution of gases generally 
given off so freely with low grade coals and thus allows of their becom- 
ing more stable.* The coke is less soft and friable; th(‘ naphthaleiu' is 
icnluced; there is a marked reduction in the total suljduir c-ontent of the 
gas and a small reduction in the (piantity of bre(‘ze; the ash is in- 
creased by 2 per cent; the tar is thinnea* and more oily with slight 
increase of yield; benzene and tohnan' were <*laim('d to be greatly 
increas('d. The net result, it is said, proves that the inen^ased quantity 
of gas alone paid the whole of the cost . 

Motor Fuel from the Products of the Low Temperature Distilla- 
tion of Coal. — The low temperature carbonization of coal has been 
studi(Hl by Taylor and Porter, ^ both historically and experimentally. 

Jt IS stated '’ that ‘Wheeler and his associates in haij^Iand have carrK'd on an 
•extensive series of (h'struetive distillations of coal chieflv with a view to its hear- 
ing ('ll (lie process of ignition or intlainination of coal dust snsjx'nded in air. In 
till' first (‘xperiinents coal ‘ was distilled from a small platinum retort at fixed 
t(Mnp(‘ratur*'s ranging from dotP to 1100° (<, th(‘ gas(‘s being (“ollected at atmos- 
phi'i’ic pressiin*. Yields of tar, gas, and residm* were determined From these 
experiments it was concluded that coal has a weil-dehrual dc'compesitKjn point 
hetwi'en 700° and <S00° ( ■ which corrc'sponds wit h a maiked incr<‘as(‘ in the quantity 
of hydiogen evolved. In a continuation of the same work,^ coal was distilled from 
1h(' same aiijjaratus as before, the gas being collided in 5-se(‘ond intervals, to 
obtain data on the rate of evolution and the composition of th(‘ seviu’al fractions 
Coal was also distilled in a vacuum, fractions Ix'ing collected at 7)0° intervals 
up to a tem[)eratur(‘ of ()r)0° (k 

The conclusion drawn was that coal probablv consisted of two main tvpes of 
compounds — one more iinstabl(‘ and yielding mostly ])araffin hydrocarbons; the 
other dcTomposing with greater difficulty and yielding mostly hydrogen In 
fijrtlK'r suj)port of this view, Clark and Wheeler® sep.arateil coal into two parts — 
a pyridine extract and an insoluble residue. Distillations were made on the 
original coal, extract, and residue llv the use of chloroform as an additional 

’ Cherri. Abs. 1010, 1704; Gas World, 1010 (04), 2S0 7; J. Gas Lighting 
1010 (ITI), 002-3. 

^ Ihireau of Mines d’echnical Paper 140 (1010). The Primary Volatile 
Pi •oducts of the Carbonization of Ckxil. 

Ibid. pp. 48-50. 

^ Burge.ss, M. .1., and Wheeler R. V., The volatile constituents of coal: Jour. 
Chem. Soc. vol. 07, 1010, pp. 1017-1035. 

® Burgess M. J., and Wheeler R. V., The volatile constituents of coal: Jour. 
(Jiem. Soc. vol. 00, 1011, pp. 650-607. 

® Clark A. H., and Wheeler R. V., The volatile constituents of coal: Jour. 
Chem. Soc. vol. 103, 1013, pp. 1705-1715. 
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solvent,, the coal was separated into “ humus ” and resinous ” substances. The 
“humus" bodies were regarded as degradation products of cellulose and as being 
responsible for hydrogen in the gaseous volatile matter.^ In general, the con- 
clusions arrived at by Taylor and Porter - do not accord with the views of Wheeler 
as to the relative ease of decomposition of the two classes of constituents in coal. 

Distillations of a larger quantity of coal (I to 2 kilos) in a vacuum were also 
made in Wheeler’s laboratories, for gases * and liipiid products,^ at temiieratures 
below r)(X)° C. The low-temperature tar consisted of about 50 per cent pitch and 
50 per cent of oil, distilled from the tar at temperatures below 3(X)° tk '^rhe com- 
position of the oil was as follows: Kthylenic hydrocarbons, -40 to 45 per cent; 
phenols (chiefly cresol and xylenols), 12 to 15 per cent; aromatic compounds, 
7 per cent; a small amount of .solid p.iraffin hydrocarbons; traces of pyridine 
ba.ses; no benzene, anthracene, carbon disulphide, or solid aromatic hydrocarbons. 

Pictet and Bouvier ^ obtained by distilling coal in a jiartial vacuum at 450° C. 
a thin tar containing apparently no phenols, naphthalene, anthracene, or other 
aromatic compound. 

Vignon ® fractionally distilled several types of coal and found that paraffin 
gases predominated below 600° and hydrogen above 800° (’ 

Rau and Lambris'^ have conducted a thorough investigation of the formation 
of water in the destructive distillation of fuels They found that more water was 
produced by .^’low heating than by rapid heating. Fuels oi* greater maturity pro- 
duced less water than younger, less altered fuels. 

Parr and Olin* treated Illinois coal with superheated steam, temperatui.. 400° 
to 450° (^, and obtainerl a yield of tar nearly equal to that of high-temperature 
carbonization; the gas yield was less than 10 per cent. Seventy per (rent of the 
tar boiled below 240° C. and contained little free carbon. In a more recemt report 
of the same authors ^ a good .semicoke was de.scribed, which was made at 100° to 
500° C. by a similar proce.ss The tar produced contained only 50 per (rent pitch 
with little free carbon. The oils were high in tar aiads, but (rontained no naphtha- 
lene or anthracene. 


^ For discussion, see Porter H. C., and 4’aylor (I. B., The mode of decomp(«i- 
tion of coal by heat: Proc. Am. Gas Inst. vol. 0, 1914, ]>. 258. 

2 Ihid. 

* BurgCnSS, M. J., and Wheeler R. V., The distillation of coal in a vacuum: 
Jour f'hem. Soc. vol. 105, 1914, pp. 131-140. 

* Jones, D. T., and Wheeler R. V., The composition of coal: Jour. Ghein. 
Soc. vol. 105, 1914, pp. 140-151, 2562-2565. 

® Sur la distillation dc la houille sous pression rediiite ( Distillation of coal 
under reduced pressure): Compt. rend. t. 137, 1913, pp. 779-781; Gas World, 
vol. 60, 1914, p. 45; Bcr. Deut. chem. Ge.sell, Jahrg. 46, 1915, pp. 5342-3553 

* [Fractional distillation of coal]: Compt. rend t 155, 1912, pp. 1514-17; 
Jour. Gas Lighting, vol. 121, 1913, p. 107; J. S. C. I. 1913, 70. 

^ Formation of water in the dry distillation of fuels: Gas World, vol. 59, 1913, 
p. 239; Jour. Gasbel. Jahrg. 56, 1913, pp. 533, 557, 589. 

® Coking of coals at low temperatures: IJniv. Illinois Eng. E.xp. Sta. Bull. 60, 
1912, p. 12; Jour. Gas. Lighting, vol. 122, 1913, pp. 533-535, 59.5-598. 

® The coking of coal at low temperature with special reference to the proper- 
ties and compositions of the products: Univ. Illinois Eng. E.\p. Sta. Bull. 79, 1915, 
pp. 29-30. 
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Lewes ^ gives the composition of tlie tar fnmi a low-temperature injjustrial 
operation. It contained an abundance of light solvent oils, small percentages of 
aromatic compounds and phenol, a high percentage of cresols, etc., no naphthalene, 
a small percentage of anthracene, and less than 2 per cent of free carbon. 

The thermal effects of carbonization have recently been investigated by Hol- 
lings and Cobb.^ They found that cellulose showed a strong exothermic reaction 
at temperatures of 345° to 4(K)° C.; lignite show(‘d the same effect, but it was less 
marked; and older goals, which have lost much of their cellulosic constituents, 
showed it scarcely at all. At temperatures between 000° and S00° C. all the types 
of coal tested displayed exothermicity; above ,S(X)° (). the jirocess was neutnd or 
slightly endothermi(\ Thermal effects at lower temperatures were only marked 
m coals of high oxygen content. 


The Primary Decomposition Processes.* — A high-grndo bitumi- 
*110118 coni of the giis-iiiakiiig tyi)(‘ (h'coniposc's by bent primarily into 
paraffin hydrocarbons and a coinplebdy altered nonvolatih^ residue, 
with small quantities of water, eaibon dioxide and carbon monoxide. 
The tlirc'O latter prodmds are the first produci'd, although in small 
quantity; from soip^. other types of bituminous coal they arc pro- 
.^f<«c(Hl in greater ri'lative quantities than from th(‘ gas-coal type. Com- 
ple^Nwid . varii'd secondary reactions inducial by superluaiting the 
hydrocai lxins, water vapor, and carbon dioxid(‘ are of great importance 
in industrial high-temperature carbonization. 

The jiroducts of low-temperatur(‘ (‘arbonization from coal of the 
Pittsburgh type on an indiisti’ial scale at about <S00° to 900"^ F. (427® - 
482® (h) will consist of a rich gas amounting to O.b to 0.7 cubic foot per 
pound of coal, and a largi^ yield of oil, or tar, comprising 10 to 12 per 
cent of the coal. This tar consists chiefly of i)arairm hydrocarbons, is 
very low or possibly entirely devoid of benzene and naphthahuie deriva- 
tive's and practically devoid of free carbon. The gas will contain G to 
7 pc'r c(‘nt of unsaturated hydrocarbons and 20 to 25 ])('r cent of ethane 
and its higher homologues, and conseeiuently will have a high calorific 
and illuminating value. The tar may be either ix'distilled or subjected 
to cracking processes so as to produce light oils — gasoline substitutes 
— whose yi('ld will be greater than, and probably at least double, that 
. obtaini'd by high-temperature carbonization. 

The results suggest the possibility that low-temi)erature carboniza- 
tion might be utilized in gas nianufacture as an enriching process by 
passing through the low-temperature retorts a relatively large quantity 
of a thin gas such as blue-water gas,^’ sweeping out the light oil vapors 

^ Carbonization of coal: Iron and C/Oal Trades Rov. vol S.3, 1911, p. 1011. 

2 Idiermal study of the carbonization process: Jour. Chem. Soc. vol. 107, 
191.5, p. HOC). 

3 Porter, loc. cU. p. 50. 



528 


MOTOR FUELS 


that ffrc primarily liberated at these low temperatures. The utilization 
of inferior eoals for making gas by such a process may be found practi- 
cable, it is stated. 

David Trevor Jones ^ summarizes his conclusions regarding the 
thermal decomposition of low temperature coal tar as follows; 

(1) Ordinary coal tar is formed from coal at high temp(‘i’atui’('s 
chiefl}^ as the result of the decomposition of a tar pr<‘viously formed at 
low tempc'ratures. 

• (2) The mechanism of this process consist, s essentially in the de- 
composition of the naphthenes, paraffins, and unsaturated hydrocaiUons 
present in the low temperature tar to form ohffins of varying caibon 
content which condense at higher temperatures to aromatic substances. 

(3) The gaseous olefins are at a maximum at 550° (\ (1022° F.),* 
the curve descending to a minimum at 750° (\ (1382° F.), when they 
virtually disappear. Their disappearance at 750° C. (1382° F.) syn- 
chroniz(vs with the appearance of najdithaleiK', and imnu'diatc'ly 
precedes a rapid incr(‘as(» in the evolution of hydrogcm. 

(4) Hydrogen is form(‘d at middle tempc'ratures chi(ffiy as the n'sult ^ 
of the decomposition of naphtlnaies. The incr('ase at high(‘r 

atures must probably be attributed to the union of aromatic moleciih's 
and to intramolecular ring closing. 

(5) Phenols are primary products of coal distillation.^ 

(6) B(*nzene and its homologues are chiefly fornu'd as th(‘ r('sult 
of olefinic condensation. To some extent they an' secondary products 
of coal distillation, having Ix'en formed by the thermal dehydrogenation 
of the corresponding naphtheiK'S. 

(7) Acetylene plays an insignificant part in coal tar formation. . 

Decomposition of Coal-Tar Oils 

W. H. Gartley cracks solvent naphtha by distilling under a p.r('s- 
sure of about 35 pounds per square inch. Distillation is continued 
until the gravity of the residue is about 28° Be., when the gravity oi the 
original naphtha was 30°-35° Be. This residues is then distilled under 
atmospheric pressure, to coke, or down to heavy iTsiduum and tlu^ 
distillate put back into the pressure still. It is said that in this way, 
the content of toluol in the crude naphtha is raised from 3 to 15 per 
cent. 

C. M. Alexander ^ states that in cracking solvent naphtha, to pro- 

1 j. S. C. I. 1917, 7. ® Cf., liowovor, Pictet, he. cit. 

8 U. S. Patent 1,22.5,237, May 8, 1917. 

* J. S. C. I. 1917, 922; U. S. Patent 1,230,975, June 20, 1917. 
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diicc ])enzol and toluol, operation at atmospheric pressure givos very 
good results, (h'eosote oils, treated similarly, arc said to yield low 
boiling phenols. 

The tcanperatures used for solvent naphtha arc around 800° C. 
(1472° F.) in a vertical retort. The time factor is said to be important, 
(h(‘ ral(‘ of feed being such that at k'ast 70 per c(‘nt by volume of the 
original oil is obhiiiuid as condcaisate, and of this, about 30 per cent 
should be high boiling oil like the original naphtha. Of the con- 
densate, about 20 25 per cent will boil, it is said, from 75° to 130°*(1.. 
(U)7° 2(;()°F.). 

O. B. Evans ^ us('s heavy (‘oal tar naphtha to carburet water gas, 
and by washing th(^ carbunded gas and passing it tlirough a condenser 
a condensate is collected, which (wlaai th(‘ cruder naphtha contains about 
3 p('r cent toluol) contains about 13 per c(‘nt toluol. 

R. L. Hill 2 subj(‘cts solvent naphtha to a temperature of about 
000° O. (1112° F.) und(‘r pressure in a ndort in tlu' pi“(‘S(*n(‘(^ of a carbide 
(calcium carbides or. barium carbid('). Uondcaisation also takes place 
])i'(‘ssur(‘. It is stab'd that the action of the carbide gives rise 
to i('d yields of IxaizcaK* and toluene. 

Thd" Manufacture of Benzol and its Homologues from 
Petroleum 

By distilling the naphtha and burning oil fractions of Uoalinga 
(Ualifornia) petrohnim through a column packed with stones (the 
h(Mghi of th(^ column being very gn'at in proportion to the size of the 
stdl) Frasch ^ r(^])()rts having isolated considerable amounts of aromatic 
hydrocarbons, from b(mz(‘ne (benzol) up to and including naphthalene. 

The f)resenc(^ of benz(‘n{‘ homologues in the high boiling distillates 
of pelrokMim is indicated by the work of Brooks and Humphrey.'* 
The cracking of the heavier portions of Jennings and Oklahoma pe- 
troleum oils boiling above 275° O. (527° F.) by distillation at temper- 
atures not exceeding 420° (k (788° F.) and pressures not exceeding 
100 lbs., yields, it is said, benzene, toluene, and m-xylene in small 
quantity, and the sanu' hydrocarbons were detected in the light oil 
obtained by heating Oklahoma -oil with aluminum chloride. From 
paraffin wax no aromatic hydrocarl)ons were obtained and the distil- 
lates were not fluorescent; a syntludic. phenyl-paraffin, on the other 
hand, made by condensing pure Ixaizene with chlorinated paraffin 

1 U. S. Patent 1,230,087, June 12, 1017. 

2 IT. S. Patent 1,209,430, June 11, lOlS. 

3 IT. S. Patent 008,700, Auf>: 30, 1010. 

4 J. S. C. I. 1010, 347; J. Amer. Chem. Soc. 1916, (38), 393-400. 
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wax in presence of aluminum chloride, gave highly fluorescent distil- 
lates and both benzene and toluene on cracking. This supports the 
view previously advanced by Brooks and Humphrey ^ that the fluores- 
cence of petroleum oils is attributable to the presence of aromatic 
derivatives. Since in these cracking expciiments the temperatures 
were too low to admit of the profound decomposition of the hydrocar- 
bons into acetylene from which aromatic substances .could then after- 
wards be synthetically produced, the conclu ion is drawn that the 
aromatic nuclei were present in the heavy high boiling fractions of 
petroleum. 

Read and Williams ^ have shown the presence of aromatic hydro- 
carbons in Papuan natural petroleum, which is said to b(‘ related to 
Borneo petroleum. The specific gravity at 22° (\ (71.6° F.) is 0.7965. 
Besides paraffin and other saturated hydrocarl)ons, appreciable amounts 
of aromatic hydrocarbons occur. A ‘‘straight run’' cut to 170° C. 
(338° F.) (without column) nu'asured 10.8 per cent. From this frac- 
tion, a distillate to 120° C. (248° F.) (through a fractionating column) 
was obtained, which contained about 10 per cent aromatic hydrocar- 
bons, principally benzene and toluene. The total per (^ent of aropAVjrics 
in the crude oil is about 4; 2.4 per cent conies off in the above mentioned 
120° C. (248° F.) distillate. No estimate of the amount of this oil 
available is given. 

The Decomposition of Petroleum Oils to Yield Benzol and other 
Aromatic Products. — It has been said ^ that persons unfamiliar with 
earlier features of the production of kerosime and of oil gas are apt 
to think that the cracking of oil is a purely modinai development, 
whereas the recent efforts to develop cracking processi's are directed 
merely to effecting such modifications as are necessary to furnish a 
predominance of aliphatic spirit in the resultant product. For many 
years past the superintendent of carbureted water gas installations 
has known that he can produce, at will, gas and tar saturated with 
aromatic hydrocarbons which can be recovered and fractionated to 
commercial grades of benzol, etc. At the outset of the war, gas chem- 
ists pointed to the cracking of petroleum oil in existing or specially 
modified gas plants as the most promising means of securing a large; 
production of toluol, and it is now only a question of price whether 
toluol so produced can hold its own in the market against the by- 
product toluol of the coal gas and coke oven industries. EglofP 
has recently drawn attention to the possibilities of utilizing the car- 

1 See J. 8. C. I. 1014, 852. 

^ Chem. A))s, 1010, 2120; Chem. Eng. Mining Rnv. II, 250 (1010), 

3 Butterfield, Reports of the Soc. Chem. Ind. 1917, II, 78. 
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burctcd water gas plants in operation in tlic United States /or the 
production of toluol by the cracking of solvent naphtha in the pre- 
sence of water gas.^ The cracking of oil for the production of ali- 
j)hatic motor spirit, however, is a somewhat more difficult proposi- 
tion than that of the manufacture, by the cracking of heavy grades 
of petroleum, of either kerosene or benzols. It is comparatively easy 
to produce by cfacking a good yield of “ spirit having the required 
range of distillation, vapor pressure, etc., but commonly such spirit 
contains a large proportion of relatively unstable hydrocarbon com- 
pounds, with the result that on keeping, it undergoes changes which 
cause gumminess and darkening of color. Methods of refining in use 
for p(‘trolcum distillates, if applicid to siudi cracked crude spirit, are 
very wasteful and expensive owing to the ease with which a large 
proportion of the compounds of the spirit are attacked and gen(n*ally 
leave a product which is still unstable and malodorous. Nevertheless 
skillful control of the cracking process is claimed to overcome most of 
the difficulty. • 

V. B. Lewes ^ reports that Thor[)(‘ and Young, in 1871, concluded 
that .limuJtaneaus formal ion of ohdins and saturated hydrocarbons 
occurs by loosening of affinitii's of certain nudhane groujis in heavy 
paraffin molecuh's and their rec-ombination to form unsaturated hydro- 
carbons. Lewes suggests that the residuum from distillation of light 
cracked fractions contains najihthenes and can yiedd more naphthenes 
by cracking, but might b(' found to be used more profitably for the 
production of aromatic hydrocarbons. During the high demand for 
benzene in 1885 excellent r(‘sults were obtained by many investigators 
in producing aromatic hydrocarbons from petroleum residues. It is 
said that rc'sidues left in the {iroduction of motor spirit crack under 
slight pressure at 80(U to 900° ( \ (1472°-1G52° F.) through naphthenes 
into aromat ic hydrocarbons, producing also about 80 cubic feet gas per 
gallon residue treated. 

E. W. Smith ^ observes t hat “ it has long b('en known that various 
oils, specially those in crude petroleums, when subjected to the right 
conditions of temperature and pressure, break down or polymerize 
and yi(dd a certain proportion ^of bcmzenc and its homologues, the 
amount of which varies with the composition of the oil.’^ 

“ Rhead points out that the mode of formation of benzene, etc., 
during the cracking of petroleum oils is paralh'l to that of its formation 

1 J. Ind. Eng. Chem. 1018 (10), 8; J. 8. C. I. 1018, 116A. 

2 Chem. Abs. 1015, 1244; J. (Jas Lighting, 1015 (120), 455; Gas World, 1915 
(G2), ISO. 

3 Reports of Soc. Chem. Ind. 1017, vol. II, 65. 
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from fjie cracking of primary decomposition j)roducts of coal. These 
latter contain many compounds found in petroleums, sucli as naph- 
thenes, paraffin hydrocarbons, olefins, etc., and since it is far easier to 
separate petroleum into simple groups of compounds than is the case 
with coal, a systematic study of the thermal decomposition products 
of petroleum oil fractions should throw much valuable light on the 
mechanism of coal carbonization. 

“ In Russia it has long been the practice to crack petroleum oils to 
obtain benzene and other aromatic compounds for the dye and explosive 
industries, the shortage of coalfields having made such an industry of 
vital economic importance. Moreover, Russian petrohaims, b(‘ing rich 
in naphthenes, lend themselves admirably to aromatic formjition. 
There is little doubt that tins industry, foumh'd by the Russian 
chemists, led by Nikiforoff, has received a great impetus from the 
needs of the war. 

^^The first systematic work in the modern era, on producing aroma- 
tic hydrocarbons from petroleum, was <‘arri(‘d out by Rittman/ but 
the large-scale installation put down at Filtsburgh as a result 
his experiments has been unable to comjiele with othei* souw^.'v’s' of 
benzol and toluol owing to the small yield and poor quality of the 
products. 

^‘The manufacture of carbureted water gas is essentially an oil- 
cracking process, and the (wid(‘nc(‘ so far available goes to show that 
a good quality benzol and toluol can be obtained by washing th(‘ gas 
from this process. In the early days of the war, this sourc(' was un- 
justly ignored, owing to the lack of a good test for the b('nzol content 
of a gas. The shortage of gas oil supplies has considerably handicappt'd 
this source in England, but it affords vast possibilities in Am(‘rica, 
the home of carbureted wat('r gas plants.” 

S<jme tests made at the Birmingham thus Works .sliowed that, of tlie oil 
eraeked in this process, 3 27 j)er cent api)eared as benzol and al>t)ut 2 per cent 
lus toluol, and the products were not seriously contaminated with paraffin liy- 
drocarbon.s. 

Eglofif ^ experimenting with a Lowe carbureted water gas plant, 
obtained per thousand cubic f(‘et of gas, 0.07 gallon of IkuizoI, O.Ot) gal- 
lon of toluol and O.OI gallon of xylol. On this basis he (‘stimates 
that the carbureted water gas manufactured in America, if washed,* 
would yield annually 8,689,000 gallons of benzol, 7,448,000 gallons 
of toluol, and 1,241,300 gallons of xylol. 

» J. Ind. Eng. Chem. 1915, 7, 945; J.S.C.I. 1914, 026; 1915, 1199. 

* G&s J. 1917, 138, 463. 
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Early Efforts to Obtain Aromatic Hydrocarbons from Petroleum.^ 

- - As early as 1877, according to Veith,^ Letny ® obtained a patent for 
producing aromatic hydrocarbons from petroleum. Liebermann and 
Burg,^ Salzmann and Wichelhaus,^ and Lissenko ® investigated the 
obtaining of aromatic hydrocarbons from petroleum residues at high 
temperatuH'S.^ 

The pr(‘senc(i «f benzene and its homologues in crude petroleum 
was established at an early date. Prior to 1880 La Rue and Miller 
had obtaiiK'd evidence of (heir presence in a numb(‘r of crude oils.^ 
Benzen(‘ has b(H‘n found in Galician distillates by Pawlewski,® Lach- 
owiezd^ Mild others; in Baku crude oil by Markownikoff,^^ in crude 
oil fiom Titlis by Beilstein and Kurbatoff; in Rangoon oil by La Rue 
and Miller, in Roumanian oil by Poui,‘^ and in Ganadian crude by 
Schorlemmer. Toluene was also found in the same oils by th(‘ same 
invest igators. Tlu' proportions of thes(‘ aromatics in crude oils arc, 
howevi'r, only fractions of a p(‘r cent. For example, Pawlewski reports 
hjiving found 0.4 [ler cent in Galician oil. The lower aromatic hydro- 
i ;u;l.>oiis, b(‘nzen(‘ and tolueni^, hav(‘ been proven, it is said, to be almost 
(‘otifi ly. al^sei^t from American crude oils, although appreciable amounts 

‘ Uiltinnn, Du' ton and Dean, manufacture of {gasoline and l)enzenc-tolucne, 
Hiuvau of Mines, Bulletin 114 (1910), pp 20-29. 

“ ( 1('\\ inniiiij; aromatischer ICorper aii.s den Ruckstamlen: (Hollev iind Wiede- 
mann, 1 landhuch d(T (‘liemischen Technolofz;ie: Erdol) 1S()2, p. 405; sc'e also Letny, 
Alexander, Ui-hcT du^ lunwirkung holier Temperatur auf Petroleum, Braunkolilen- 
theer und andi'ie almiicla' Sto(T<‘: Dm^l. poly. Jour, Bd. 229, 1H7S, pp 0.50-30.5. 

' Peher di(‘ Zer.sidziin^ de.s Pelrohnims und des BraunkohlenthiaTs (lurch 
Ueherhitz('n . Ber Dealt chem (lesell, Jahrj?. 11, 1S7.S, pp. 1210'1212; Do- 
con* position of ja trokaim and lignite l.ar by superlK'atinji;: Ulwm. News, vol. 38, 
1S7S, p. 211 

Ueber die Zi’isetzunfi; d('s Braunkohlentheerols in der (lluhhitzc. Ber. Deut 
cIkmu (tcsc'll , .) diiM: 11, 1S7S, pp. 723-720 

® Ueber die IbastellunM; von Benzol aus Braunkohlentheerol: Ber. Deut. 
cluan. (U's('ll, Jahrs 11, 1878, pp 802, 1101-1134. 

“ Z(‘isetzun^ d('s Erdok's beim Erhitzen: Dm^i;!. poly. .Jour., Bd. 200, 1887, 
]) 22 () 

^ On formation of Ixaizene w'h(*n jietroleum is jiassed through a hot tube; 
Randbuch der organ Chemie, Auflag 0, Bd , 2, 189(>, p. 22. 

* Petroleum: Encyc. of Chemist ry,,Lippineott, 1880. 

» Ueber das Vorkomnuai (k's Raraxylols im galizisehen Petroleum: Ber. Deut. 
chem. (h'scdl., Jahrg. 18, 188.5, pp. 191.5, 1910. 

10 (lio B('staTidth(Mle des galizisehen Petroleums: Liebig’s Annalen, Bd. 

220, 1883, lip. 188-20(). 

Zur Konslitutioii der Kohkmw'asserstoffc CnlLn d('s kaukasischen Petro- 
leums: Ber Dent. chem. Cesell., Jalirg. 20, Bd. 2, 1887, pp. 18.50-18.53. 

‘2 Reeherches sur la composition chiinique des p6troles roumains: Ann. Scl 
Univ., t. 2, 1903, pp. 65-80. 
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of aromatic hydrocarbons of higher molecular weight are present, 
particularly in oils of asphaltic base. 

The existence of heavier aromatics in a natural state in certain 
oils, particularly Russian, Roumanian, Californian, and Japanese oils, 
has led a number of experimenters to attempt to devise met hods whereby 
the yields of hydrocarbons of this series can be greatly increased from 
such oils. Probably the most work in this field has b(‘en done with 
Russian and Roumanian oils, because of the peculiarly favorable nature 
of these oils by reason of their content of hydrocarbons of the naph- 
'thenc type. It is well known that hexahydrobenzime, for example, 
will readily split off six hydrogen atoms and leave benzene. 

Processes Patented for Production of Aromatic Hydrocarbons 
from Petroleum.' — The method devised by Letny ^ involvc'd the pas- 
sage of petroleum residues obtained from Baku ciiKh's through a 
highly heated, horizontal retort, 7 feet long and 1 inch in diameter, 
filled with wood charcoal. The residues wer(‘ allowed to flow through 
the tubes, which were heated to approximately 700° to 800° C., the 
vapors coming from the tubes passing to a eoiidens(‘r. The claim 
was made that 50 to 60 per (‘ent of gas and 40 to 50 per cent of rar 
was obtained. The tar, on distillation, gave some 17 per ceiit benzol, 
0.4 per cent anthracene, and 7 per cent naphthalene. The oil w'as fed 
in slowly, as Letny considered it essential that a comparatively gi*eat 
heating surface be expos(‘d. 

Armstrong and Miller ^ reported that their expiaiments had shown 
that the liquid formed during the decomposition of petroleum gases 
contained a mixture of hydrocarbons of the U 2 n^l 2 n -2 series. The 
liquid was rich in benzene and toluene and showc'd a t race of the higher 
aromatic compounds. They advanced the theory that the aromatic 
hydrocarbons are products in direct line with the paraffins, and are not 
built up from the acetylene series. As previously [)ointed out, aromatic 
hydrocarbons have been found to exist in Russian and Roumanian 
oils; also considerable percentages of naphthene hydiocarbons which 
are similar in structure to the benzene hydrocarbons. The»se naph- 
thenes were contained more largely in the residuum than in the crude 

^ Recherches sur la coin[K)sition rhiiniquo dos ix'drolos roumains: Ann. Sci. 
Univ., t. 2, 1903, p. 26. 

2 Uebor die Zerset/Amg dos Petroleums und des Braunkohlentheers durch 
Ueberhitzen: Her. Deut. chem. Gesell. Jahrg. 11, 187<H, pp. 1210-1212; De- 
composition of petroleum and lignite tar by superheating: Chem. News, vol. 
38, 1878, p. 211. 

^ On the decomposition and genesis of hvdrocarbons at high temperatures; 
The products of manufacture of gas from petroleum, Chem. News, vol. 51, Jun^e 
26, 1885, pp. 307-309.. 



BENZOL. USE AS" A MOTOR FUEL 


535 


oil, and as a result most of the early investigators worked with the 
residual products. * 

In 1889 Intschik ^ patented a process for the manufacture of benzol 
and toluol, in which Russian petroleum residues are dropped into a 
highly heated vertical chamber where the oil is volatilized and the 
vai)ors decomposed. The fixed gases and vapors are drawn off and 
fractionally condensed. During the early eighties when the demand 
for benzol was high and the supply insufficient to meet the needs of tlie 
mai k(^t , Nobel Brothers, Liebermann, Burg,^ Salzmann and Wichel- 
haus'"^ among others, investigated the possibiliti(\s of obtaining aroma- 
tic hydrocarbons from petroleum residues and an^ rc'jiorted to have ob- 
tained (excellent results. Liebermann^ reported in 1888 that the Nobel 
brothers were erecting a factory in the Baku field for the purpose of 
manufacturing aromatic hydrocarbons from petroleum residues. 

Hlawaty ^ describes a process for making benzol, toluol, xylol, cumol, 
naphthalene and anthracene from petroleum, residue from petroleum 
refiiK'ries, coal tar, coaltar oil, shaletar oil, brown coal tar, brown coal 
tar oil, iiaraffin, cd’esine and vaseline, ozokerite and natural illuminat- 
nig gas. Any one or any mixture of tlu^ liquid or solid hydrocarbons 
menridllWlS put into a still, 6 (Fig. 203), (;ommuni(*ating above with a 
closed ret/)rt, c, provided with pressure gauge, and communicating with 
a system of pipes and a condenser. The still 6 is heated quickly by 
mc'ans of a furnace u in such a manner that a pressure of | to 1 atmos- 
plune above the ordinary atmospheric pressure is maintained. The 
vapors pi’oduced are led through the pipe system, in which the less 
volatile pi’odiicts gi'adually (condense and aft(‘rwards fl(jw through 
red hot pipes while the more volatile ]n*oducts an' carried directly to 
the main condenser, /. 

By passing through the red hot pipes the condensed, less volatile 
products are partly rendered into more volatile ones which also pass to 
the main cond(*nser, /, where they are mixed with the volatile products. 
The condensed li(piid is found to consist mostly of benzol, toluol, xylol 
and cumol. Before^ entei’ing the main condensc'r all the vapors are 
subjected to cooling and all the less volatile products are separated in 
order to be carried back to the retort. 

^ Russian Patent issued in ISSO. * 

2 Ueber die Zersetzung des Braunkoblentheerols in der Gliihhitzc: Rer. Deut 
chem. (Jesell, Jahrg. 11, 1S7S, pp. 723-720. 

^ Ueber die Ilerstellung von Benzol aus Braunkohlentheerol : Ber. Ucut. 
chem. (lesell., Jahrg. 11, 187S, pp. S02, 1431-1431. 

* None (Jewinnungsrnethode von Benzol, Naphllialin, und Anthracen: DingL 
Poly. .Tour , Bd. 240, 1882, pp 429—432. ' 

Britisli Patent 1^242, Feb. 11, 1890, German Patent 51,553, Aug. 11, 1888. 
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By this method the ap- 
paratus may be worked con- 
tinuously. Fortliis puipose 
it is only needful to ivcd the 
retort fijradually with tar or 
other material to be treated. 
But it is necessary to inter- 
rupt the operation from time 
to time in order to withdiaw 
coke. The u neon den S('d 
^ases which escape from th(' 
condens(‘r are k'd through 
red hot ])ipes filled with 
pieces of cok(' or pumice 
stone and they thus also be- 
come converted into Ixaizol, 
toluol, xylol and cumol and 
ar(‘ col]ect(‘d in the con- 
d(‘ns<'r. A sep.arate apj^ara- 
tus for this pur])os(‘ is not 
shown. ' 

Natural illuminating gas 
tn'ated in tlu* same' manner 
is said to yield similar prod- 
ucts. 

From th(' condensed 
licpiid collecting in the con- 
d(‘nser the bcmzol and other 
aromatic products are sepa- 
rated and to th(‘ residual 
liquid, which consists of- 
other hydrocarbons, is added 
about 10 to 20 pin- cent, of 
pulverized cellulose in iho, 
form of moss, sawdust , dry, 
rotten wood, peat, broken 
coal, hay, straw or the lik(‘ 
together with some caustic 
alkali. The whole is en- 
clos(‘d in a retoj-t g, which is 
heated by a furnace/?, and 
superheated steam at about 
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750° F. (400° C.) ont('i\s it by tho pipe f/.’ In this manner li decided 
s(‘paration of the carbonaceous compounds is said to be effected. 
The vapors thus evolved an^ passed lliroufjjh pii)(‘s i, heated red hot. 
and filled with small pieces of coke or iron filings and communicating 
with a condenser h in which the benzol, toluol, xylol and cumol are 
collected. In the licpiid so obtained the naphthahaie and anthraceia^ 
are contaiiuHl •in a dissolved condition. Instead of the steam at 
750° F. (100° ( k) it is advantageous to use vapors of acetic acid or 
of ethyl- or methyl alcohol. About 40 per cent of th(' liquid is stated 
to be conv(‘rt('d into aromatic; compounds of the kind named. 
Dvorkovitz ^ in 1802 proposcal to dcuannposc' stc^am passed into a gasifier 
in which th(' Ihpiid hy<lrocarbon is vaporized. The water gas is tluav 
cniburetcul and pass(;d into a condensing chamber where the benzol, 
toluol, and other aromatic compounds are separat'd. I4vorkovitz“ 
state's also that the licpiid hydrocarbon flows through a series of n*- 
loits in which the liciuid is progn^ssivc'ly subjectcal to temperatures 
ranging from 300° to 1000° (\ (540° -1832° F.) The retorts, which an' 
wide l)ut shallow, an; inversely inclim'd so that tlu' lower end of each 
n!l("»;^onnyii*iicates with the upi^c'i* end of tlu' n'tort b(4ow it. TIk' 
vapors fi’om tin; lowc'r ndort are then i)ass(‘d to a condcaisc'r. 

Nikifbroff has devc'loped a procc'ss for benzol-toluol mamifac- 
tun' involving two-stage; de'composition uneh'r varying conditions. 
The' crude' oil is fed into a series of ele'composition n'torts, the course of 
the lieiuid bc'ing obstructe'd by baffle plates so as to prolong the action 
of the' heat. A temperature' of 500° to 525° C. (932°-977° F.) is main- 
taiiK'd withe)ut pressure. The vapors i)ass thre)ugh thc'se r('te)rts to a 
•'si'parating tank maintaineel at a temperature of 200° to 2o0° C., (392 - 
482° F.) when; the heavie'r proelucts are coiielenseal. The me)re volatile' 
jiroductvs (produe;ts boiling at h'ss than 200° C\), which remain uncon- 
de'iise'd at that te'iiqiei’ature, are then ceinelucte'd to a se'parate retort 
where' tlu'y are subje'ct eel to a temperature' e)f 900° to 1000 ( . (1652 - 
1832° F.) and to a pivssure of about 2 atmosphere's (30 pounds per 
sepian' inedi). (Sc'o Fig. 204.) 

Nikiforoff state's that in j^revienis pnice'sse's for deceiinpeising petro- 
le'um, the entire bulk eif raw material was sulqee'te'el to a dee-eim- 

1 Britisli Piitont 21,547, Nov. 20, 1802; also, Dvorkovitz, Paul, The distilla- 
tion, eraeking, and gasifieation of iietroleum hvdrocarlxms: Petroleum Rev. vol. 
17, Sept 28, 1907, pp 176-170; Clasifieation of ee);il an<l lieiuid hyrlroearbons; Jour. 
Soc. (4iem Ind. vol. 12, Mav 81, 1893, pp. 103-412. 

2 British Patemt 23,671, De'c. 5, 1894. 

Russian Patent 290, Dee. 31, 1894; (lerman Patent 85, Mar. 12, 1805; 
Freneh Patent 315,428, Oct. 29, 1901; British Patent 10,957, Aug. 27, 1886; 
II. 8. Patent 755,309, Mar. 22, 1904. 
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posing or thermolytic operation. This was the reason, he states, why 
earlier investigators used packings of various kinds in the retorts, such 
as coal, coke, iron, pumice-stone, etc. Nikiforoff, however, takes a 
selected distillate or condensate of crude petroleum, for cracking pur- 
poses. 

Crude petroleum is passed through a retort containing staggertnl 
baffles and subjected to a temperature of about 500'^C.’(932°F.). This 
operation produces gas, residuum, coke, waste, and liquid distillate. 

By fractional condensation, a fraction boiling at about 200°-250° C. 
(392°-482° F.) is obtained and this is selected for the high temperature 



cracking process. It will be noted that the fraction he selects cor- 
responds to a burning oil (kerosene). If a “ cyclic petroleum is oper- 
ated on [for example, Balakhani (Caucasian) petroleum] a small 
amount of aromatic formation is said to take place in this preliminary 
coking operation. 

The next step consists in passing this fraction through a tubular 
retort under pressure at a veryhigh temperature [900°“10()0° C. (1652°- 
1832° F.)], in the apparatus shown in Fig. 204. The selected fraction, 
contained in a supply tank under gas pressure passes to a preheater 
where it is completely vaporized and then to the decomposing retorts. 
Thus, as in the more recent Rittman method, the process is a strictly 
single phase gas process. 

There is no catalytic or contact material in the retorts. Admission 
to and egress of the vapors from the retort is controlled by needle valves. 
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Cleaning rods acting on the principle of the military ram rod ” pass 
through stuffing boxes. Condensation does not take place under pres- 
sure. When operating on a suitable fraction of Russian oil, the pressure 
in the retort is only 15 pounds. The vapors pass through a tar pot, 
are scrubbed by heavy oil, heated to 200° to 225° C. (392°-437° F.) and 
finally condensed. 

A few y('ars%lator Nikiforoff ^ proposed to obtain aromatic hydro- 
carbons by coking naphtha in a metallic retort provider! with troughs 
along which the naphtha flows, the hydrocarbon vapors given off below 
200° C. (392° F.) to be us(‘d in carbureting water gas. Air is blown 
through heated coke or anthracite to obtain a generator gas. Super- 
heated steam is blown into the generator to o])tain water gas. 
The water gas is then carbureted with the decomposition products of 
tlu' naphtha. The heated water gas and hydrocarbon vapors are 
plac(‘d under a pressure of not less than 1 atmosphere (15 pounds per 
square inch). The g<as and vapors are passed tlirough a washing 
apparatus, where the water and heavier hydrocarbons are colhaded, 
and th(' gas and vaporous hydrocarbons Inhling under 200° C. pass 
on to a coiid (,;uisor. which separates the li(iuid aromatic prodmds and 
allows t lie gas to pass on to a colhrtor. 

In 1897, Pamfilow'^ obtained aromatic bodies by a proc('ss^ involving 
th(' |)assag(‘ of petrohaun I’esidiu's through a pr(4ieater into a vaporizer, 
and then into a (*oil of many turns and great hmgth, where the vapors 
are exposed to gradually increasing t('mp(‘ratures. He produces, it is 
stalcal, a tar, consisting almost ('xclusiv('ly of aromatic hydrocarbons, 
which upon distillation giv(‘S 15 per c(‘nt benzol, 1 per cent naphtha- 
kau', and 0.5 j^er cent anthraccaie on the basis of the original oil. 

Zelinsky^ and Ogloblin ^ report the obtaining of excellent results 
by Nikiforoff ’s process. The former, however, emidoyed tlu^ method 
only on a small scale, treating several liters of ])etroleum a day. 
They report luiAung lanai abk* to obtain ;i fraction ])oiling bet ween 75° 
and 180° (\, ( 167° 356° F.) which re])resent('d 1 LI per cent of the origi- 
nal oil, and contaiiu'd 58 pea* cent of benzol and 28 pia* cent of toluol. 

1 British Piitent 17,450, July 30, 1007. 

2 (Icwinniing von Louclitgtis ynd aronuitischon Kohlemvasscrstoffen aus 
Krdol: Chem. Ztg. Jahrg. 21, Bd. ‘2, 1<S07, p. 1000. 

® Russian Patent 322, Sept. 13, 1S07. 

‘‘ Vortrag uber die Darstollung arornatiseher Kohlenwasserstoffe aus dem 
Erdol (Preparation of aromatic hydrocarbons from ])etroleum)’ ('hem. Ztg., 
Jahrg. 20, Bd, 1, 1002, p. OH; Jour. Soc. Chem. Ind 1002, 100. 

^ Die Darstellung von Benzol und seinen Ilomologen aus russischem Naphta 
nach Verfahren von A. N. Nikiforoff: Chem. Central-Blatt., Jahrg. 75, Bd. 2: 
1004, p. 830. 
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Holcgreber/ passes j)oh*()leuin in the form of va[)or, together with 
an excess of pure hydrogen, through pipes filled with catalytic agents, 
such as iron, copper, nickel, or cobalt. Tlu' catalytic ag(aits are used 
alone or mixed with an inert material such as asbestos. The t ubes arc 
kept at a temperature of 180° to 800° C. (356°-572° F.) 

Another more recent proposal along somewhat different lira's is that 
of Starke ^ for the production of benzene and its honiologues from 
petroleums, particularly Japanese and California petrohmms. The 
petroleum distillate containing the benzene and its honiologues is 
mixed with concentrated sulphuric acid, which is la'ated and agitated 
until the evolution of sulphur dioxide has ceased. The mass is then 
allowed to settle until the sulphonic acids have si'parated from the 
petroleum, and the benzene is then recovered by ordinary distillation. 

Other processes of the same type as that last mentioned are those 
developed by the Disconto Gesellschaft in Berlin and by Tammann.^ 

Testelin and Renard ^ and Meffert^’ use a mixtun' of superh('ated 
steam and oil, which is very highly heated, to produce aromatic hydro- 
carbons. Testelin and Renard pass the mixture ovei’ a layi'r of red 
hot clay, whereas Melfert heats the mixture in refract^rv retorts to a 
temperature of 1200° to 1400° C. (2l92°-2552° F.) Neiflief proci'ss 
employs pressure. Testelin and Renard claim that tlu' us(‘ of pn'ssiire 
is prejudicial. 

Selinsky states tliat the carbonaceous deposit which is fornu'd u) considerable 
quantities wdieii petroleum is cracked in iron retorts contains about 70 per cent of 
carbon and dO per cent of iron When d(‘conipos('d wilh hydrochloric acid it 
yields a mixture of comliustilile leases contaminj? S.") per cent of hvilro^en, 12 per 
cent of methane and 2 2 per cent of olefins The best vK'lds of benziuie and 
toluene are said to be oblaim'd when p('troleum is cracked in tubes filled with 
alumina and titanium oxide, which act as catal\sts. 

The Societe Lyonnaise des Eaux et de I’ficlairage ^ cracks tars and 
mineral oils for the production of biaizol. gasoline, (dc., by introduc- 
ing them into a continuous circulation of ant hraci'iii' oils or vapors, 
or oth('r high-boiling oils or v'a[)ors. The vapors n'sulting from tlu^ 
reaction are j)a.s.sed into rectifying columns; tlu' gases and vapois 

1 liritish Patent 17,272, July 28, 1918. 

2 U. S. Patent 913,780, Mar. 2, 1909; See also U. S. Patent 1,109,187, Sept. 
1, 1914. 

® (Jerman Patent 216,159, May 23, 1908. 

* Clerman Patent 9.5,579, Mar. 3, 1897. 

® German Patent 268,176, Aug. 11, 1908. 

* German Patent 99,254, Mar. 13, 1897. 

’ J. S. C. I. 1916, 957; J. Russ. Phys.-Chim. Obschtestwa, 191.5, 9. Chern. 
Zeit. 1916, 40, Rep. 285. 

* Chem. Abs. 1917, 95; British Patent 9729, July 3, 1915. 
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issuins the top of iho column puss to coiidciisci-s and washers; 
th(‘. li(iiiids fi-oni the base of the column are retained for further treat- 
ment. The anlhracene vapors may ])e preliminarily converted by 
treat m(‘nt in the presence of steam, into aiithraquinones which are 
more ('asily transformed into bcaizol, toluol and light spirit. 

Oppenheimer ^ utilizes water gas tar as a source of fuel for internal 
combustion enj^iiK'S. After dehydration with linu‘, it is distilled until 
the n'sidue is pitcli. The (;rude distillate is then trc'ab'd with sulphuric 
acid and strong soda solution and redistilled. The fij’st runnings are 
said to amount to 10 50 per cent of the crude distillate and to have a 
specific gravity of 0.820 0.t)00. It is free or almost free from sulphur 
and phenols, its boiling tem[)erature is approximati'ly between 100° and 
210° ( \ (212°-1()1° E.) and it contains toluene, ortho-, meta-, and para- 
xyhnu', m(‘sityl(Mi(' and a trace of naphthalene; but the bulk of it con- 
sists of hydrocarbons, th(' chemical nature of which has not, it is said, 
y('t be(‘n ('luc.id:it(Ml. In comparison with oth(‘r petroleum si)irits it is 
claiiiKHl t(^ possess th(^ advantage that its flash-point is considerably 
higlu'r, being abofit 70° V. The product is claimed to be suitable for 
th(‘ manufactoic' of varnish and coloring-mat t(‘rs, also in the textile 
trade's — for instance, for cleaning wool, as a solve'iit for india-rubber, 
gum, resin, and other materials and as a combustibh' liepiid for working 
inte'rnal-combustion ('iigiiu's. 

Greer ^ recovers and utiliz(\s the light oil which condenses in the 
cooh'is, i-('C('iv(‘rs, pipe's anel pui’ifiers of gas works when oil is used for 
e*arbure'ting or generating purposes, lie then distills the recovered 
light e)il anel uses it as a solvent as well as fuel for motors. 
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CHAPTER XXV 


ALCOHOL AS MOTOR FUEL 

To alcohol we may look for substantial additions to the world’s 
supply of motor fuel. As one official report expresses the situation, 
the outstanding and fundamental attraction of alcohol in substitution 
for fuel obtained from coal or oil deposits resides in the fact that alcohol 
is derived from the vegetable kingdom, from sui)plics of raw material 
which are being continuously renewed and arc susceptible of great 
expansion without encroachment upon food supj)lics. Fermentable 
material from which alcohol may be obtained is available everywhere, 
but food requirements demand that alcohol for fuel })urposes in the 
main be restricted to inedible waste or by-prodv’cts. The use of 
IX)tatoes, corn, cereals and other products of agriculture which are 
yielded at the expense of much labor and utilization o^T arable soil, as 
a source of motor spirit is not likely to be countenane(‘d indefinitely. 
The shrubs or other vegetation of waste lands, the by-prodmds of 
sugar refineries, the garbage of large cities, the waste sulphite cellulose 
liquor of paper mills, low grade starchy mat (‘rials and wood, peat or 
cellulose itself afford sources of alcohol. From sawdust , alcohol of good 
quality may be produced. The transportation recpiirements of the 
world are so great that to cope with the api)roaching dearth of gasoline, 
now forecast, raw materials in substitution for it should be accessible 
in great quantities. From now on the globe will be minutely searched 
not only for petroleum and c(jal but foi‘ areas productive of raw material 
for the manufacture of alcohol. 

A recent commercial development is that of converting the ethylene 
of coke-oven gas into ethyl alcohol. In the waste gases of the petroleum 
refinery reside a source of a considerable amount of alcohol, especially 
propyl and higher alcohcds. The unsaturated components of these 
gases are capable of conversion, with good yields into these alcohols. 
One of the authors of this volume for many years past has extensively 
investigated this phase of the fuel situation and recognizes possibilities 
of a substantial development in the gasoline refinery along such lines. 

By itself, alcohol is not a fuel well adapted for present types of 
engines. Unfortunately alcohol has a very slow rate of combustion. 
Compression far higher than can be employed with gasoline is necessary 
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to get from alcohol the most efficient utilization of its energy value. 
But alcohol is a good mixer and may be associated with other fuels to 
advantage. Besides alcohol, the present or prospective basic sources 
of volatile liquid fuel are probably limited to gasoline (and kerosene), 
benzol, and shale spirit. Benzol and alcohol arc perfectly miscible and 
the addition of alcohol to benzol overcomes the objection of the freezing 
of the latter in cold weather. Shale spirit has gumming or resinifying 
tendencies which may be ameliorated by alcohol. The lightest grades 
of gasoline mix with alcohol, but with the heavier grades and particularly 
with kerosene separation occurs. This however may be corrected by 
the addition of a mutually miscible solvent such as benzol. In the 
past much study has been given to the blending of gasolines from dif- 
ferent sources in order to improve the fuel qualities and to (^hearx^n the 
cost of production, and the future offers many possibilities in the way of 
bkmding alcohol with hydrocarbons from different sources to yield 
fuels approximating in closest degn'e to the requirements of an ideal 
lu(‘l. Volatility i^^id ease of starting, maximum compressibility with 
freedom from tendem^y toward preignition, uniform explosibility, 
rapidity of conibustion, avoidance of carbon deposits or injury to cyl- 
inders embrace some of the points to be considered. 

Owing to the slow rate of combustion of elcohol, such use as has been 
made of it for the purpose has been mainly with slow-speed, stationary 
engiru's. Efforts to increase the velocity of explosion by compound- 
ing or blending as above have yielded successful results. Some interest- 
ing work has been carried out by chaiging alcohol with acetylene and 
die gases of a cracking plant, e.g. ethylene, butylene, propane and 
butane, which may offer an important clue to the improvement of al- 
cohol from a fuel standpoint . 

Ahnihol is a cleaner fuel than gasoline, its use being marked by 
absence of smoke and the disagreeable odois arising when gasoline 
is burned with an improper air supply. The hazards involved in the 
storage and handling of alcohol arc less than in the case of gasoline. 
Burning alcohol is extinguishable by water. 

From the foregoing it will be concluded that although the dif- 
ference in price between gasoline and alcohol now is an obstacle to 
the extensive use of the latter, such a differential probably will not long 
prevail, and the authors venture the suggestion to manufacturers of 
motor cars, trucks and tractors and to others interested in the future 
welfare of the self-propelled vehicle that the problem of adaptation of 
alcohol and alcohol-containing fuels to such usages is a timely one. 

The fundamental drawback as regards alcohol for fuel purposes is 
that the raw materials which can be made to produce alcohol are so 
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widely scattered that, although there is an annual 'potential supply 
of many billions of gallons, only a minute fraction of this quantity can 
be commercially obtained and this is chiefly supplied by molasses from 
the West Indies and other localities favorable to the growth of sugar 
cane. 

White * states that while it has always been the aim of designers to 
make the gasoline motor as flexible as the steam engine, the narrow 
range within which a charge of gasoline and air can vary in composition 
and yet remain explosive has always prevented any regulation of the 
power by the manipulation of the mixture. In the case of alcohol and 
air, the variation of the proportions compatible with perfect com- 
bustion is 4 times as great and it has been determined by experiment, 
it is stated, that the specific power of the working stroke of an alcohol 
engine can be reduced to 25 per cent of the maximum by the operation 
of an auxiliary air throttle. This means that the adoption of alcohol 
in automobile practice would tend toward fewer cylinders and simpler 
gears. Rough limits within which mixtures of aii;. with alcohol and 
with gasoline are, respectively, explosive are alcohol 4 to 14 per cent 
and gasoline 2 to 5 per cent. 

When one pound of absolute alcohol and one pound of gasolim; 
(hexane) are completely burned, each in a suitable motor, tlie follow- 
ing numerical relations are independent, it is said, of the type of motor 
used. 


Minimum sufficient amount of air 


Carbon dioxide in exhaust 

Nitrogen in exhaust 

Water condensed from exiiaust 


Alcohol 
9 pounds. 

117 cubic feet 
at 150° C. and 
71)0 mm. pres.sure 

1.9 pounds 

15.9 cubic feet 
(> 9 pounds 
90.6 cubic feet 
1.2 pounds 


Gasoline 
15.3 pounds. 

198.9 cubic foot 
at 150° C. 760 
millimeters. 

3 pounds 
25 1 cubic feet 
11.8 pounds 
155 cubic feet 
1.5 pounds 


It is observed that there are 5 pounds more nitrogen in the exhaust 
from 1 pound of gasoline than from 1 pound alcohol. This is as- 
serted to mean an additional loss of h^'at in exhaust and a tendency to 
cause incomplete combustion, owing to dilution, in the case of gasoline. 

Preheating the mixture after the fuel is in a state of vapor is hamp- 
ered because owing to the expansion, the actual weight of mixture 
going in on the suction stroke is decreased so that specific power of 
the motor is decreased. ^ 


^ Eng. Magazine, 1908, 876, el aeq. 


* Ibid. p. 878. 
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Some of the disadvantages of alcohol arc as follows: ^ ^ 

1. The fuel ignites slowly compared to gasoline and, when ignited, 
the propagation of the flame throughout the mixture is not sufficiently 
rapid to be compatible with a piston velocity of over 12 feet per second, 
and a piston travel, which, at any rate in the case of the automobile 
motor, is strictly limited. 

The disadvantages from this sluggish ignition and tardy inflam- 
mation are : ^ 

1. Combustion, instead of being completed when compression and 
t('mporature are highest, is continuous during entire expansion, meaning 
that a portion of the heat units are not being utilized, from a ther- 
modynamical standpoint, to best advantage. 

2. This imperfect combustion leads (when methyl alcohol is present) 
to the formation of acetone, which during the expansion stroke is 
partly oxidized to acetic acid. 

The problem of substituting alcohol for gasoline as a fuel in the 
high speed motor is statcnl to involve ^ securing of a more vigorous ig- 
nition and speeciy inflammation. The use of acetylene in this respect 
is looked upon with favor. The acetylene molecule tends to detonate 
and b(H‘om(^ a center of inflammation and the whoh^ mass is burned 
with a sjx'ed and vigor which is limited only by the proportion of acety- 
lene present. 

Bornn'^ referring to the report made by Johnson of the Hawaiian 
Sugar Planter's Association on the development of alcohol as motor 
fuel, states that during the war an alcohol motor fuel was produced in 
South Africa and subsequently in Hawaii which proved to be equal to 
'the best quality of gasoline available. 

As finally developed, the fuel was a mixture of alcohol, ether and 
pyridine. Pyridine burns to ammonia, carbon dioxide and water 
and was used to render the products of combustion alkaline or at least 
■ non-acid. It also acted as a denaturant. 

Bornn,® observes that when alcohol motor fuel is substituted for gasoline the 
steam which results from the water naturally in the alcohol, and also formed by the 
combustion of the latter, aids in preventing the formation of carbon deposit. 

R. M. Strong and Lauson €tone ® have made a series of exhaustive 
tests in comparing gasoline and alcohol, using stationary Otto and 
Nash engines. 

» Ibid. p. S79, et seq. 2 ssq. 3 p, gg. 

* The Evening Post Foreign Trade Review, October, 1919, Chemical Section. 

® The Evening Post Trade Review, October, 1919, Chemical Sectif)n, p. iv. 

® Bureau of Mines Bulletin 43, “ Comparative Fuel Values of Gasoline and 
Denatured Alcohol in Internal Combustion Engines," 1912. 
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Two Otto gasoline engines and one Otto alcohol engine of the single cylinder, 
horizontal, 4-cycle, stationary type, rated at 15 brake horse jiower at a speed of 
200 revolutions per minute were used. Also two Nash engines were used, one 
alcohol and one gasoline, both of the single cylinder, 4-cycle, stationary type, 
and having horse powers rated at 10 with a normal speed of 2S0 revolutions per 
minute. 


It is observed, from a consideration of the standard formula for the 
thermal efficiency of the ideal air engine 



in which E is the thermal efficiency, Pa the initial pressure (absolute), 
Pb the compression pressure, and r t he ratio of specific heat at constant 
pressure to specific heat at constant volume, that with a constant sjiecific 
heat of the exhaust gases, the efficiency must increase with an increase 
in the compression pressure, Pb. 

They have plotted a series of curves for air, alcohol and gasoline 
(specific gravity at 60"^ F. =0.7122. Heating va!,U(‘: high 20,581, 
low 19,292 B.T.U. per pound), showing the relation between indicated 
thermal efficiency (calculated from indicat(‘d horsi* power and low heat- 
ing value of find and compresmon pressure (see Fig. 205)). 

On the basis of the indicated thermal efficiencies and conipi’cssioii 
pressures corresponding to maximum thc'rmal efficicuiclc's, the value 
7—1 

of the exponent in the above th(‘rmodynamical formula has been 

r 

calculated as follows (see also Fig. 205) : 


For gasoline = 0 17 
For alcohol =0.19 


Constant for air = 0 29 

Hence the equations become: 


For gasoline 


E = 1 


Pa\ 

Pb) 


For alcohol 


E = 


\Pb) 


It is stated, however, that the thermal efficiencies obtained for the 
different clearance ratios and corresponding degrees of compn^ssion 
fulfill these equations only when the maximum thermal efficiency of 
the engine is obtained, which requires that the engines be in the best 
possible running condition and operated to the best advantage. It is 
also stated that if the engines referred to (Otto and Nash) are operated 
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under different conditions with respect to throttling of the charge, the 
maximum thermal efficiencies obtained will not fulfill the same equa- 
tion.^ 

In other words the calculated relationships shown above are quanti- 
tative only when the thermal efficiency of the engine is at its maximum 
value. 

In the curve sliown in Fig. 205, indicated thermal efficiency is 
correlated with compression pressure. The first curve shows the con- 
ditiops which might be expected with the ideal engine with air as the 
working medium. The other two show to what degree this ideal con- 
dition has been approached with the gases obtained from the com- 
bustion of denatured alcohol and gasoline as the working medium. 
Strong and Stone ^ observe that denatured alcohol more nearly ai> 
proaches the ideal fuel than does gasoline, for at any one compression 
it shows a greater efficiency. Since the denatured alcohol curve and 
the gasoline curve were both plotted by means of two similar formulas, 

j 

differing only in the value of the exponent , tlds value offers a 

r 

reason why denatured alcohol appears to be a more ideal fuel than 

T — 1 

gasoline. With inen'asing values of from 0 to 0.29 (the /;ilu(i for 

r 

air in the ideal air engine) it is seen that increasing effici(*ncy ap- 
proaching the ideal may be obtained. Since this exponent has been 
determined as 0.19 for denatured alcohol and 0.17 for gasoline, it would 
appear that r for the gas resulting from the combustion of denatured 
alcohol must be greater than that of the gases resulting from the com- 
bustion of gasoline. 

It seems, then, that some explanation for the greater efficiency with 
which denatured alcohol may be used at a given compression may be 
found in the character of the exhaust gases. However, because of 
the changing character of the gases as combustion progresses and the 
consequent changes in specific heat, a study of this feature will be 
surrounded with many difficulties. Nevertheless future work along this 
line could be profitably spent, it is observed, in analysis of exhaust gases 
with a view to learning something of them specific heats in the hope that 
knowledge thus gained may enable investigators to attack the problem 
in the future with greater intelligence and knowledge of the principles 
involved. 

* R. M. Strong, Bureau of Minos Bulletin 32, Deductions from Comparis uis 
of Gasoline and Alcohol Tests on Internal Combustion Engines, 1911. 

’ Loc. cii. 
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R. M. Strong ^ summarizes and discusses the results of 2000 tests conducted 
by the technologic branch of the United States Geological Survey, to deterntine the 
relative economy and efficiency of gasoline as compared with alcohol, when used 
in stationary engines. The icsults are of fundamental importance since they point 
out the thermodynamic and practical relationship between the two fuels. 

It is concluded that 

1. The low heating value of completely denatured alcohol will average 10,500 
British thermal uni^s per pound, or 71,900 British thermal units per gallon. 

llie low heating value of 0.71 to 0.73 specific gravity gasoline will average 
19,200 British thermal units per pound, or 115,800 British thermal units jier gallon. 

''Phe low heating value of a pound of alcohol is approximately six tenths of 
the low heating value of a pound of gasoline. 

A pound of gasoline requires approximately twi(;e the weight of air for com- 
plete combustion as a pound of alcohol. 

The heating value of a cubic foot of an explosive mixture of alcohol vapor 
and air having theoretically just sufficient air for comiilete coml>ustion is ap- 
proximately ecpial to that of a cubic foot of a similar explosive mixture of gasoline 
vapor and air -about SO British thermal units per cubic foot. 

2 Explosive mixtures cyf alcohol vapor and air can be compressed to much 
higher pressures in an engine cylinder without preigniting than can explosive 
mixtures of gasoline va*)ors and air. The maximum pressuri' of compression that 
can be used without^/iausing preignition will in each case depend partly on the 
quality of the (‘xph^sivc mixture, on the design of the engine, and the speed at 
which it is operated. 

For 10 |o 15 horsepower four-cycle stationary engines of the usual type a 
eomjiression i)ressure of about 70 pounds per square inch above atmospheric was 
found to be the maximum that could be used for gasoline mixtures, and about 
ISO jiounds the maximum that could be used for alcohol mixtures without causing 
prc'ignition. 

The maximum compression pressure that couhl be used wuthout causing pre- 
ignition was in each case found to be the most advantageous from the standpoint 
of Juel economy. 

3. When the degree of compression is in each ca.se that best suited to the 
economical use of the fuel designated, some tyjies of gasoline ('ngines are better 
• adapbal to the service for which they arc designed than similar alcohol engines 
and vice vensa. ddic relative amount of fuel consumed being disregarded, this is 
also true when tli('. degree of compression is that ordinarily used for gasoline 
mixtures, as when denatured alcohol is used in ga.soline engines; but in general 
the alcohol engine is or can be so designed and constructed as to be equal to the 
gasoline engine in adaptability to service. 

A gasoline engine having a compn'ssion pre.ssure of 70 pounds but otherwise 
as well suited to the economical use of denatured alcohol as gasoline will, when 
using alcohol, have an available hors^)ower about 10 per cent greater than when 
using gasoline. 

I When the fuels for which they are designed arc used to an equal advantage, 
the maximum available horsepower of an alcohol engine having a compression 
jiressure of ISO [lounds is about 30 per cent greater than that of a gasoline engine 
having a compression pressure of 70 pounds, but of the same size in respect to 
cylinder diameter, stroke, and speed. 

1 Bureau of Mines Bulletin 32 (1911). 
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When denatured alcohol is used in 10 to 15 horsepower four-cycle stationary 
engined having a compression pressure of approximately ISO pounds and the 
engines arc operated at their maximum loads, the pressures during explosion or 
combustion reach GOO to 700 pounds. Stationary gasoline engines, in which the 
compression pressure in some cases can be raised to 180 pounds, are not usually 
built heavy enough to withstand such explosion pressures for any length of time. 

4. A gasoline engine having the degree of compression ordinarily used for 
gasohne mixtures will in general reciuirc 50 per cent more denatured alcohol than 
gasoline per brake horsepower per hour. 

Gasoline and alcohol engines of .similar construction having degi^es of com- 
pK'ssion best suited to the fuel suiiplied will in general require eciual volumes of 
gasoline and denatured alcohol, respectively, per brake hoisepower per hour. 

Gasoline engines of the usual four-cycle stationary type will ordinarily con- 
sume about a pint of gasoline per brake horsepower per hour when operated at 
about rated load and with a reasonably favorable adjustment of the mixture 
quality and time of ignition. 

When carrying light loads or carrying their maximum loads, gasoline and 
alcohol engines governed for constant speed require a greater quantity of fuel per 
brake horsepower per hour than when carrying their .rated loads, if rated at about 
75 to 80 per cent of their maximum loads; but unless the mixture (piality and 
time of ignition are adjusted to suit each change of load, he rate of consumption 
per brake horsepower per hour will in general be least at n aximum load and will 
increase with decrease in load. » 

When any of the usual methods of governing are used to control the speed of 
gasoline or alcohol engin<‘s, the rate of fuel consumption per brake horsepower per 
hour will ordinarily be about twice as great at one-third load as at maximum load. 
At the same time an exce.ssive rate of consumption of ga.soline or denaturerl al- 
cohol at any given load, if due to the incorrect adjustmi'iit of the mixture quality 
and time of ignition only, may be as great as. but not greater than approximately 
twice the minimum required before it will be noticeable from outwarrl indications. 

5. The thermal efficiency of alcohol and gasoline engines will in general in- 
crease with the pressure to which the charge is compressed when ignited. 

The maximum thermal efficiency of 10 to 15 honsepower four-cych; stationary 
engines of the usual type when operated with a minimum amount of throttling 
was found to increase with the compre.ssion pre.ssuro according to the formula.^ 


E = 1 



for gasoline and ^ = 1 - 



•19 


for alcohol, where E the 


thermal efficiency ha^ed on the iwliC'ited horsepower and loiv heating value of the fuel 
and P = the indicated pressure of the charge at the end of the compression stroke 
in pininds per square inch absolute. 

6. A high thermal efficiency and a rate of consumption of le.ss than a pint 
per brake horsepower per hour, both for gasoline and for di'natured alcohol, can 
often be obtained when the degree of compre.ssion, the load, the quality of the 
explosive mixture, and the time of ignition are carefully adjusted. A fair repre*- 
sentation of the best economy values obtained, taken from the results of tests on 
10 to 15 horsepower Niush and Otto stationary engines, and the corresponding 
thermal efficiencies are given in the following table; 
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Re.^ lilts from Tests made on 10 to 15 Horsepower Nash and Otto 
Stationary Engines 


Clasolino 


Alcoliol 




Fuel consumed per 


Fuel ^ 

Compres- 

sion 

pressure 

brake horsepower 
per hour 

Thermal 
efficiency 
(per cent) 2 


(pounds) ^ 

Pound 

(Jallon 


j 

1 

^ 70 

90 

0.00 
. .58 

0 100 

. 097 




^ 70 

.90 

.140 

28 



ISO 

.71 

.104 

.39 


L 

[ 200 

.08 

.099 

40 


7. \\’lien hv iru‘;in% of a doublo carburetor gasoline an<l alcohol are used 

sirnultani'ously in var^ng proportions from practically all gasoline to practically 
all alcohol, the most aflvantageoiis degree of compression will vary from that found 
to be the best, for gasoline mixtures to that found to be the best for alcohol mix- 
tures. , 

Tests that were made with such an adjustment of comiiression indicate that 
the total amount of find (gallons of gasoline 4- gallons of denatured alcohol) re- 
quired for any givcai load is practically constant for the entire range of proportions 
from all gasoline to all denatured alcohol. 

8. When watc'r is sprayial into an ('xplosive mixture of ga.soline vapor and air 
as it is being taken into the cylinder of an engine ami is introduced at the most 
advantageous location, it may in many cases be supplied in amounts up to as 
much water as gasoline by weight without affecting the performance of the engine, 
except as noted below. 

, The capacity or maximum available horsepower of an (mginc decreases with 
an increase in die percentage of water, by weight, present in the explosive mixture 
of gasoline vapor and air. 

When used in an engine having a constant degree of compression, the presence 
of water in an explosive mixture of gasoline vajiors and air in quantities equal to 
or less than the weight of gasoline does not increase or decrease the amount of 
gasoline required to carry any given percentage* of the corresponding maximum 
available load. 

The pressure to which an explosivef mixture of gasoline vapor, w'ater, and air 
can be compressed in an engine cylinder wdthout preigniting increases with an in- 
crease in the percentage of water in the mixture, and can be raised to about 140 
pounds when the weights of water and gasoline are equal. 

1 hat the amount of gasoline required is not affected by an increase in the 
compre.ssion pressuri* v\hen pieignition is jirevented only by the introduction of 

* Per scjuare inch above atmosphere. 

2 Based on the indicated horsepower and the lower heating value of the fuel. 
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water as above stated is indicated by the results of tests made on an engine having 
a compression pressure of 130 pounds. These tests are limited, however, and the 
results are not conclusive. 

9. Alcohol diluted with water in any proportion from denatured alcohol, 
which contains about 10 per cent of water, to mixtures containing about as much 
water as denatured alcohol can be used in gasoline and alcohol engines if they 
arc pro])erly crpiipped and adjusted. 

When used in an engine having a constant degree of compression, the amount 
of pure alcohol required for any given load increases and the maximum available 
horsepower of the engine decreiises with a diminution in the jiercentage of pure 
^ alcohol in the diluted alcohol supplied. The rate of increase and decrease re- 
spectively is such, however, that the use of SO per cent alcohol instead of 90 ])er 
cent, or denatured alcohol, has but little effect on the fierformanee of the engine; 
so that if 80 per cent alcohol can be had for 15 per cent less cost than 90 [ler cent 
alcohol and could be sold without tax when denatured, it would be more economi- 
cal to u.se the SO per cent alcohol. 

When an engine is supplied with diluted alcohol, the eompression pressure that 
can be used without causing preignition increas(‘s with an increa.se in the jicr- 
centage of water by weight in thi' mixture, but no tests wen' rnadi' to determine 
the effect of increased compression pressure on the economy with which diluted 
denatured alcohol could be u.sed. ' 

10. The relative hazard involved in the storage and h^ ndling of gasoline and 
denatured alcohol is of particular importance in (ainsidering their use as fuels 
for marine and factory engines and engines to be placed in the basements of office 
buildings, in coast-defense fortifications, or in lik(' jilaces wdu're a general fire 
would be likely to result from the accidental burning of the fuel stored or carried 
for immediati* supply, or vvht're the forming of explosive or inffammable mixtures 
of the fuel vapors and air in the immediate vicinity would be hazardous. 

11. In regard to general (di'anhness, such as ab.si'nce of smoke and di.sagrei'- 
abie odors, a/eohol has many advantages over ga.soline or kerosene as a fuel 
The exhaust from an alcohol engine is never cloinh'd with a black or grayish 
smoke, iis is the exhaust of a gasoline or keiusene engine when the combiistK'u of 
the fuel is incomplete, and it is seldom, if ever, clourled with a bluish smoke when 
a cylinder oil of too low a fire test is u.sed or an excessive amount suiiphed, as is 
so often the case with a gasoline engine. The odors of denatured alcohol and the 
exhaust gases from an alcohol engine are also not likely to be as obnoxious as the 
odor of gasoline and its products of combustion. 

12. Very few alcohol engines are being used in the United States at the 
present time, and little hius been done toward making them lus adaptable as 
gasoline engines to the requirements of the various cla.sses of .service. Engines 
for stationary, marine, and traction service, automobiles, motor trucks, and 
motor railway cars designed especially to use denatured alcohol have, however, 
been tried with considerable suece.ss. '* 

The price of denatured alcohol Is greater than the price of gasoline, and the 
quantity of denatured alcohol consumed by an alcohol engine as ordinarily coif- 
structed and operated is in general relatively greater than the quantity of gasoline 
consumctl by a gasoline engine of the .same type. Considerable attention is being 
given to the development of proce.sses for the manufacture of alcohol from cheap 
raw materials which are generally available, and it seems reasonable to expect 
that the price (ff denatured alcohol will eventually become as low as or low'cr than 
the price of gasoline, especially as the price of gasoline advances. 
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When used as a fuel, denatured alcohol is not always so classed as to«be cx- 
cni[)t from restrictions placed on the use of gasoline by the rules of insurance and 
transportation companies or city ordinances. The restriidions that are placed on 
tlic use of denatured alcohol ari', however, never greater t-han those placed on 
the use of gasoline. In some places they are such that the use of an alcohol engine 
IS permitted where the use of a gasoline engine is prohibited. For instance, 
alcohol motor trudes and automobikvs are admitted to certain steamer piers in 
New York thiit ar(Miot usually open to gasoline machines. 

Where the restrictions placed on the use of denatured alcohol are less than 
those placed on die use of gasoline or where safety and cleanliness are imiiortant 
r(‘(iuisites, the advantages to be gained by the use of alcohol engines in filace of 
gasolin(‘ engines may be such as to overbalance a considerable increase in the fuel 
(‘vjxaise, es])ecially if th(' cost of fuel is but a small portion of the total expense 
involved, as is often the case. Denatured alcohol will, however, jirobably not 
be us('d for jiower purtioses to any great extent until its price and the price of 
gasoline b(‘coine equal and the ecpiality of gasoline and alcohol engines in respect 
to a(laj)t ability to service reipured and quantity of fuel consumed per brake 
horse])ower, which has beim dernonstrabal to be possible, b(‘comes more generally 
r(‘ali/.ed. 


A further general development, in the d(*sign and construction of engines that 
use ki'i-osene, or cheai^r distillates, and th(‘ crude petroleums may be reasonably 
expected and may de^^y the extensive use of denatured alcohol for some time to 
come, but as yet comjiaratively few data pertaining to this phase of the general 
investigation are available. 

(A)iicorning tho use of alcohol as a motor fuel, J. S. Critchley ^ states, 
thtd in (lermany, with stationary alcohol motors, cthciencios have 
tiecTi olilained reaching as high as to HH per cent; sncla results, 
lunveyev, can only he ohtavned V)y very Iwgli compression and l>y the 
addition of water to the fuel mixture in an amo\int proportional to the 
com[)ressioii. An effi(;iency of 30 per cent, however, can bo taken as 
rcpr(\S(‘nting the avc'rage which can be obtained with a well designed 
stationary alcohol motor. Even taking the efficiency of alcohol at 
30 per cent ami the efficiency of gasoliiu', at 20 per cent it will be found, 


• it is ass(‘rt(‘(l, that there is a gain of at least 10 per cent in favor of gaso- 


line by volume. It would seem, therefore, that under the best con- 
ditions a gallon of alcohol would never have the same value as a gallon 
of gasoline. Under normal compressions all r(*cords go to prove that 
the consumption of alcohol is at least 50 per cent greater than that of 
gasoline. It has yet to be proved that alcohol can be utilized at a 
high efficiency with a small high speed engine. Ail data we have as 
to efficiency have been obtained with slow running stationary motors. 

The slow rate of flame propagation is claimed by some to be an 
advantage. No doubt it gives a somewhat smoother running engine, 
but it is undoubtedly at the expense of power. Alcohol is a fuel which 
can only be considered provided it can be utilized as cheaply as other 
1 As reported in the Motor Truck, Nov. 1913, p. 877. 
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fuels. ^ It is quite evident that 90 per cent alcohol, as we know it, is not 
to be compared with gasoline for high speed motors. Its heat value 
is low, there is difficulty in starting from cold and it requires high 
compression if it is to be used with economy. The gasoline engine as 
now constructed is quite unsuitable for alcohol, and even if alcohol 
were available as a fuel today the price would have to be a very low one 
indeed to compete with other fuels. In Germany, where the question 
of alcohol has been thoroughly studied, this fuel is used only for slow 
speed stationary engines. 

W. T. Rowe ^ notes that alcohol possesses many advantages over 
gasoline as a fuel for internal combustion engines. A greater (k'grec^ 
of compression can be us(‘d and theix^ is less trouble from knocking.” 
A mixture has been used consisting of 95 volumes of alcohol and 5 
volumes of water. ]VIethylal(‘d spirit is more economical but would be 
improved by using better denaturing agents. There is, of course, diffi- 
culty in starting from “ all cold ” with alcohol, and it is advantagcnnis 
to add a little gasoline or ether. With engines qx'cially designed for 
alcohol, this fuel has an advantage over gasoline,'^ ^dative efficiencies 
of 28 and 16.5 per cent resp('ctively Ix'ing quoted. (See also J. S. G. I. 
1915, 336.) Gasoline and alcohol do not mix in all proportions, but 
gasoline may be added, it is stated, to 95 })er cent alcohol up to equal 
volumes. Benzol will mix with alcohol in all proportions, and in some' 
cases a solution of naphthalene in benzol is usc^d. With regard to the 
revenue r(*strictions it is recomiiKuided to provide' a system of methyl- 
ation more adapted to a motor spirit: benzol, gasoline or redistilled 
condensate from Pintsch gas are sugge'sted as admirable denaturants 
for this purpose. The use of wheat for alcohol production renders the 
cost prohibitive, and the price of potatoes would n'quin' to be not higher 
than 15.52 per ton. A good source of alcohol is found in molasses, of 
which in Australia fully a third is f)ut to no use. Wood, according 
to the variety, will give 16 to 20 gallons of alcohol per ton. As regards 
the cost of alcohol, the working expenses, apai’t from the restrictions 
of the Revenue authorities, wxndd appear, it is stated, perhaps some- 
what optimistically, to averag(' about 10 cents per gallon. 

Watson, Frost, Lloyd, Richards, Stern, Shaw and Wilson ^ have 
studied the question of carburetion, particularly when starting, and in 
cold weather, with fuels such as benzol, alcohol and some of tho 
heavier brands of gasoline. The importance of this question is noted 
and tests have been carried out comparable with those of gasoline. 
(See Proc. Inst. Automob. Eng. 7, 35.) 

1 J. S. C. I. 1917, 996; Bull. No. 8, Dept, of Chem. 

2 J. Soc. Chem. Ind. 1915, 266; Inst. Automobile Eng. Dec. 1914. 
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Alcohol. — Experiments were made with ordinary methylated 
spirit in a jet carburetor, a larger jet being used than in the case of 
benzol and gasoline; it was also found necessary to supply additional 
heat to the carburetor, which was done by passing a current through 
a wire wound round the pipe leading from the jet to the throttle. This 
was not altogether sufficient, and owing to the irregular vaporization 
of the fuel, irregular exhaust gas measurements were obtained. The 
mean efh'ctivc pressures obtained with alcohol were slightly higher 
than thos(’ obtained with either gasoline or benzol, and increased more 
rapidly with the strength of the mixture than in the cases of the other 
fuels. When using the strongest mixture, six parts of air to one of 
alcohol, the mean effective pn'ssun^ was still increasing with the strength 
of tli(‘ mixture, and 0 per ccait carbon monoxide' was found in the ex- 
haust gas('s. Obviously this nu'ans that maximum power can only 
be attained by ap[)r('ciabl(‘ loss du(‘ to inconii)lete combustion. 

Maximum tli(‘rmal eflici(*ricy, as also that at compl(‘t(' combustion, 
increases slightly from gasoline' to benzol and benzed to ale*e)hol, and 
the tempe'rature'S iitained with the three fue'ls elo not eliffe'r much, 
though the)se with alcohol are a little' le)we'r than the others, which may 
ace‘e)unt fe)r the slightly higlu'r the'rmal e^fficieaicy obtaine'el with ale'edie)!. 
Unk'ss the vapor te'nsie)n e)f the' fiu'l in the cylinele'r is above a ea'rtain 
limit it is inipe)ssible‘ to e)])tain an explosive mixture. This difficulty 
may be' e'asily e)ve‘rce)me' in the case of gasedine^ as e)wing te) the presence 
of highly volatile constituents it is possible te) fle)e)d the cylinde'r and se) 
obtain an exple)sive mixture. With Ix'nze)! anel alcejhol ne) such volatile 
bodjes are pre^sent, and consequently starting difficultie's are' ene'e)unt- 
ere'el in colei weatlu'r. Experime'iits with different lie|uiel finds were 
maele* in a cle)se'el ve'ssed, and it was fe)und that with a vt'ry volatile 
brand of gase)line an e'xple)sive' mixture could be e)btaineel at 0° C. and 
a pre'ssure of 40 pe)unels per square inch. Air saturate'ei with benzol 
vapor below 1° C. (33.8° E.) at atmospheric pressures is incombustible, 
and at temperatures below 20° C\ (68° F.) air saturated with alcohol 
vapor is incombustible even at atmospheric pre'ssure. When used in 
the' ('ngine; the^ heat generated by the compressie)n proeluced by starting 
the engine by hanei is sufficient tp vaporize the fuel, except, perhaps, 
in the case of alcnlie)!, or, when the fuel is alre'aely vaporizeei, to keep 
k in the form of vapor during the compression. 

M. B. Blackler ^ observes that a peculiar pre)perty of hydrocarbons 
obtained by cracking processes, which would influence the fuel ques- 
tion, is that these spirits, unlike “ straight ” gasoliru', mix with alcohol. 

^ In a discussion of "The Pyrogenesis of Hydrocarbons” by Lomax, Dunstan 
and Thole, Journ. Institution of Petroleum Technologists, 1916 [3], 36-120. 
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It had been previously determined that alcohol mixed with a certain 
quantity of benzol was an excellent fuel for a gasoline engine and 
Blacklcr feels confident that in the future, when the supply of gasoline 
becomes insufficient for the world's demand, cracked spirit obtained 
from heavy hydrocarbons will be mixed with alcohol in proportions up 
to 50 per cent, and used as fuel for high-speed int^.rnal-coinbustion 
engines. An interesting point is (he boiling-point of such a mixture. 
When purified cracked spirit, boiling from 35° to 220° (\ (95°-428° F.), 
was mixed with an equal (luantity of alcohol, 90 per cent of the mixture 
boiled below 100° (\ (212° F.) ^ 

Hall ^ cracks lu^avy hydrocarbon oil at about G00° C'. (1112° F.) 
until about 25 per cent is converted into gas, composed mainly of 
hydrocarbons of the ethyh'ne scTies. Th(‘ gases ar(' mixed with alcohol 
vapor and the mixture is condenscMl und(‘r pressure. 

Hall observes that it has been proposed in the past to adapt, aleohol as a fuel for 
use in motor cars and internal combustion engines generally by mixing with it 
benzol whhih, when used in such proportions as to 50 per cent, makes an ex- 
cellent motor fuel when quiek running is not essential; l3\t even such mixtures 
as these show ditlieulty in starting from cold if the tianperature is low, while the 
cost of the benzol is but little below that of gasoline. It has also biH'ii jiroposed 
to dissolve a(!ctyl(*ne in alcohol in order to giv(‘ the neeessaiy ease in starting the 
motor and to aecelerate the running, but when sutfieiiuit aec'tyh'iK' is added for 
this purpose carbon is liable to deposit in the cylinder and high compression is 
accompanied by pre-ignition. 

It has been found that heavy hydi-ocarbon gases are dissolved t)y 
alcohol in large quantities, for instanc(' one volume of alcohol will 
dissolve from 12 to 15 volumes of butylene at ordinary pressures. 
Ethylene and also saturated gases, propam', butane and (dhane are solu- 
ble in alcohol. Such a solution produces a fuel having tlu^ valuable pro- 
perties indicated below. A heavy hydrocarbon gas is produci'd ])y the 
conversion of a heavy hydrocarbon oil in such a manner that as largo 
portions as practicable of the product of conversion consist of the 
heavier hydrocarbon gases, and as small a p] 0 ]:orti()n as practicable, 
consist of the lighter and more permanent gases such as methane and 
ethane. These heavier gases can b*? produced in large proportion by 
taking care not to perform th(^ gasifying at too high a temperature and 
not to expose the gases to high temperature for too long a space of time; 
for, if the heavier gases be superheated, they have a tendency to de- 
compose further into the lighter gases which arc much less desirable. 
It is found that a solution of those heavy gases in alcohol constitutes 
an excellent motor fuel which permits starting the engine with ease 
1 J. S. C. I. 1915, 414; British Patent 2948, February 4, 1914. 
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even in cold weather, besides giving elasticity and excellent acceleration 
in running. These gases held in solution in the alcohol show but little 
t(‘ndency to escape; even at the boiling point of alcohol a considerable 
quantity, it is maintained, still remains in solution; the solution has 
a much lower flash point and initial boiling point than is possessed by 
alcohol, and l)^s a higher vapor pressure and greater thermal value. 
The product also has larger fractions volatile at low temperatures. 

H. W. Wiley ^ states that alcohol can be used for all i>iir})osos for which gaso- 
line IS employed. Very little change need be made in the engine of a motor* car 
d('sign(‘d to use gasoline to fit it for the use of alcohol. (Jasohne becomes vola- 
tile at a temperature of blood heat (98.5° F.), while a much greater degree of heat 
(158° to 17()° F.) is necessary to volatilize alcohol rapidly enough for motor 
liurjioses. 'Phis fact makes necessary a change in the engine when alcohol is to 
))(‘ used This adjustment is especially important in the starting of the machine, 
as at ter it is in tiction the temperature of combustion is (piite sutlicient to easily 
produce the gasification necessary. 

In the driving of motot engines the (|uantity of heat evolved is not always 
a m(‘asure of efficiency. The vapor of alcohol can be more highly compressed at 
any givc'ii temperature ’without exploding than can the vapor of gasoline. As the 
def-rea.sed volume of^'the mixture of the explosive vapor and air is to a certain 
('\t('nt a measure of etficiency when engines are driven by the expansion of gases, 
the high degrei' of compressibility of the alcohol vapor without danger of explosion 
may compc'ftsate for the smaller quantity of heat which is generated by its com- 
hiislion 

In the exploitation of tax-free alcohol extravagant opinions regarding its pos- 
sibilities have, it is said, lieen expre.ssed. Theses (‘xaggerated statements have been 
made without any intent to deeeiv’’e or mislead, but on account of insufficient in- 
formation. ddie natural tendency in all such matters is to select those points which 
an' certain to be of great bi'iK'fit and publish them broadcast, and to neglect the 
difficulties and dangers which he in the path of progre.ss along these lines Those 
who are naturally consi'rvative need very little caution in su<*h matters, hut it is 
imjiortaiit. lliat a full understanding of the difficulties of these jiroblems should be 
disseminati'd It is (piite certain that if alcohol can be produced in the near 
future at a cost not, exta'eding 25 or 50 ci'iits per gallon of 95 jier cent strength, 
it* uill he a most valuahle source of power. With the present relative prices of 
alcohol and gasoline there is no financial advantage in the use of the former. 

(kiiniHonting on the future of motor spirit V. B. Lewes ^ notes that 
the ineri'ase in consumption of gasoline is out of proportion to the 
increase in production of crude, oil. Lecturing at the Royal Society 
of Arts in London (J. Ind. Eng. Chcin. 1915, 999) he stated that the 
%worl(Fs total output of crude oil, which in 1914 amounted to 97 million 
tons, had, he said, increased at an annual rate of only 6 per cent for the 
past three years. America itself used 1,200,000,000 out of the world’s 
1,700,000,000 gallons and England in 1914 imported 120,000,000 gallons, 

^ U. S. Dept, of Agriculture, Farmers’ Bulletin 2(39, 190(3. 

2 J. S. C. I. 1913, 411; Chem. World, 1913, 2, 111-113. 
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making a total of 1,320,000,000 ^?allons, leaving? only 380,000,000 gal- 
lons for the remainder of the world. 

It w{is stated also that in the next, say .50 years, th(‘ natural supplies would 
be diminished to such an extent that the de])th from whieh the oil would have 
to be obtained would render these sources practically eommereially unavailable. 

It was Professor Lewes’ opinion ' that crude oil can dot !)(' a lasting 
source of supply of motor spirit and that the motor spirit of the future 
will be alcohol in admixture with benzol. 

For a number of years (Ireat Britain hjis been endiavoring to make 
herself economically independent as regards supplies of motor fuel 
and is turning to alcohol as one of the substances which promises to 
solve this problem to a large (‘xtent, in conjunction with the benzol 
obtainable from her coke ovens. 

Grady 2 refers to the r(*port of the l^ritish Tuter-Departinent Committee on 
the Production and Utilization of Power Alcohol recommendiiig tlii‘ establish- 
ment of a (Jovernrnent organization to initiat(‘ and supepasc' experimeutal and 
practical development work on the .subject, and the London Tnnc.s' states that 
such an organization, with funds, is to be set up under the r)»5,i)artment for Scien- 
tific and Industrial Research. 

The report also refers to the possibility of obtaining large supplies of alcohol 
synthetically from th(‘ jiroducts of coal distillation Th(‘ gases produced from gas 
retorts and coke ovens contain about one-half of 1 pi'r cent by weight of ethylene, 
and a process is being workeil out for colh'ctmg this ethvlene and converting it 
into alcohol. For extracting it, use is ma<le of the prop(‘rt\ j)oss(‘ssed by cooled 
charcoal of ab.sorbing ga.s, and the charcoal, when chargial with the gas, is earned 
in a stream of molten lead, the heat of which caus(‘s it to give up the ethylene, 
which is then treated catalytically for the production of alcohol. 

Could Retail at 30 Cents a Gallon. - The amount of ('th.N'lene in tia* gas works 
and coke-oven gases of ( treat Britain is estimated to be .sufiicient to yield annually 
up to 1.50,000,000 gallons of 00 per cent alcohol, which it is said, the manufac- 
turer could alTord to .sell for Is. .3d [30 cents] a gallon; and even if it were found 
practicable, owing to .such difficulties as that c)f collecting the ('thylem* from all 
the gas work.s (many of which are small and are situated in remote districts) to 
treat only half the total produced, some sixty or seventy million gallons would 
be obtained. Already several important collieries are believed to have in hand 
the addition of conversion plants to their existing coke oven installations.^ 


‘ ^ Uommerce Reports 1919, Sept. IS, p. 1460, et seq. 

^ In Great Britain gasoline (petrol) and benzol, as sources of motive power, 
have hitherto held the field on account of their relative cheapness, although the 
production of synthetic alcohol from calcium carbide and from coke oven gas is 
considered by C. Simmonds (Alcohol: Its Production, Properties, Chemistry, 
and Industrial Applications, London: Macmillan <fe Co., Ltd., 1919; J. S. C. 1. 
1920 46, R) to bid fair to a,ssumc noteworthy proportions in the not far distant future, 
and there is evidently approaching a period of keen competition between the ex- 
isting available sources of energ>^, in which alcohol will play an increasingly important 
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Alcohol by itself, as hns pixiviously been noted, is not suitable for use in existing 
types of higli-s{)ee(l interrial-cornbustion engines, but mixed with an eipial amount 
of benzol it forms an exeelhait fuel for th(‘ purpose. Some difficulty in starting 
(he engine in cold weather is a disadvantag<‘. The production of 90 per cent 
hc'nzol in England is about :tl ,000,000 gallons annually, and may in the near future 
be increased to .50, 000, 000 gallons or more. Hence, if the hopes of synthetic alcohol 
are realized something like one-half of the present requirements of gasoline in the 
United Kingdom' may be obtained from British sources, in the shape of alcohol- 
benzol mixtures 

Numerous Vegetable Sources of Alcohol.' -The outstanding and fundamental 
attraction of alcohol motor fuel as a substitute for any fuel necessarily dei*ivcd 
from coal or oil d(‘i)osits lies in the fact that on account of its chief sources being 
found m the vegetable world, supplies of raw material for its manufacture are 
being conlinuously renewed and are susceptible of great expansion without en- 
rroachiiK'id upon food sujiphes. The following itiuns are taken from tin* ri'port of 
the interdepartmi'nlal committee. 

Sli'ps should be taken to insure increased production of (lower alcohol by the 
('xtendc'd usi; of th(‘ vegetable mattcTS from which it may be obtained. lm])or- 
tant materials of this natun^ are (1) Sugar-containing products, such as moUusses, 
mahua flowers, sugar beets, and mangolds; (2) starch or inulin-containing (iroducts, 
such as maize and otAer ci'reals, potatoes and artichokes; and (.3) cellulose-con- 
taining pioducts, su. ti as peat, suljihite wood-jmlp l\es, and wood. . . . 

Evidi'iice from xhe Director of Commerce and Industries concerning achieved 
jiroduction costs and yi(‘lds of power alcohol from tlie flowers of the mahua tree 
laltfolui), which fioiiiishes in th(‘ (Vntral Provinces as well as in Hydera- 
bad affoids this information: the .sun-dri('d fiowers of this tri'e contain on tin* 
average' bO per c('nt by weight of fermentable sugar, and they can be collected 
and d('liv(‘i(‘d to the factory in the zone of growdh at .$7 25 per ton. Th(‘ vield 
on projier h'rinentation and distillation is found to b(‘ about 90 gallons of alcohol 
(9;5 lu'f cent liv volume absolute) (ler ton. The (lowers can be jiressed, packed, 
exporti'd, and ston'd for long periods without di'terioration Ckiltivation of the 
mtihua tree has not as yet been attenipt('d, and there may therefore be possibilities 
of incH'asi'd jirodiiction of flowers by cultural treatment 

Till' larg('-scale cultivation of corn and other cereals as raw material for the 
maiiufactun' of power ah'ohol has adinitteil po.ssibilities, and it w'ould ajipear that 
(U'ospective production of alcohol from these sources in the ov(*r.seas Dominions 
and other parts of the Eiiqiirc is encouraging both as regards quantities and cost. 

j)art 'The ('vi'ntual exhaustion of the worhl’s supplii's of coal and mineral oil may 
well liave the efh'ct of stimulating the develo])ment of the agricultural resources 
of tropical countries, which, Simmonds asserts, shoiihl be capidile of furnishing 
an almost im'xhaustible sup]dy of fcjrmentation alcohol. 

’ In discussing sources of alcohol, E. K. Rideal (Chi'in. Age, 1919, 1,9; ( hem. 

, Abs. 1919, :ilS4) refers to the hydrolytic conversion of wood cellulose into sugars, 
accomplished by the catalytic action of acids. The sugars undergo fermentation 
to alcohol and carbon dioxide. The insoluble wood fiber, a by-product, is suited 
for the manufacture of papier machf*. The great dilution of the sulphite liquor 
from paper mills makes its conversion to alcohol at present uneconomical. Lhc 
economic conversion of ethylene to alcohol, Rideal thinks depends on the catalytic 
acceleration of the hydration of ethylene which is unsolved at present. 
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Seeing that 1 ton of potatoes yields only 20 gallons of 95 per cent alcoliol, 
while the yield from artichokes is only very slightly higher, the (nmimittee is of 
opinion that, having regard even to the pre-war prices of potatoes and artichokes 
in the United Kingdom, power alcohol cannot be produced in that country from 
these sources on a commercial basis except under some system of State subven- 
tion. Similar considerations ajiply also to the sugar-beet and mangel crops. 

No satisfactory method for the utilization of peat as an economic source of 
[lower alcohol has been brought to notice In connection with icsearches in(o the 
use of [leat for various purjioses its potential value as raw material for the manu- 
facture of alcohol should not be overlooked. 

So far as vegetable sources of raw material for the manufacture of power alcohol 
are concerned, the committee belii'V’cs (Ireat Britain must rely mainly, if indeed, 
not entirely, on increased production in trojiical and subtropical countries. 

General Recommendations. — The general recommendations of the committee 
are as follows: 

I he time has come for action b\’ the (lovernmcmt to insure close investigation 
of the {[uestioris of production and utilization, in all their branches, of alcohol for 
power and traction pur|)os('s. 


In the British l^mpire there are vast existing firosjective sourci's of ah'ohol in 
the vegetable world, although in the T’nited Kingdom itself production from (lii'se 
sources is now and is likely to remain small, but s\nlh<-tic production in this 
country in considerable (piantities, especially from coal ain^ coke-oven gases, is 
jiromising. ^ 

As the [iriee of alcohol for [lower and traction pur[)oses, to which the name 
of [lower alcohol” may be given, must Ik* such as to enabk* it to com|)(*t(* with 
gasoline, it is essential that all restrictions concerning its manufacture, storage, 
tran.s[iort, and distribution .should b<‘ removed so far as po.ssible, (lonsistimt with 
safeguarding the revenue and [irevi'iiting im[iro[ier u.se, and that cheap denaturing 
should be facilitated. 


An organization should be established by the Government to initiati* and .su[i- 
ervi.se experimental and [iractical development w’ork, at home and oviaseas, on (hi* 
production and utilization of power alciihol, and to re[}ort from time to limi' for 
public information on all .scientific, technical, and economic problems coniiecti'd 
therewith. This organization should be [i(‘rman(‘nt, have at its dis[io.sal the* funds 
necessary for its investigations, be in clo.se relation with the various Governmenis 
of the Empire, and be so constituted as to be able to deal with alcohol in (;on- 
junction with other fuels wdiich are or may become available as a source of [)owe»'. 

Ste[)s to facilitate the production and utilization of pow'cr alcohol in the Unih'd 
Kingdom can in no circumstances be taken, nor arrangements for such develo[)- 
rnent carried into efTect, unless provisions and alterations of the kind rc'comrnended 
are made in advance of the time wdien an acute recurrence of high [)rices for motor 
fuels may otherwise call for action too late for it to be effective. 


Details of the method of produeing; alcohol from the ethylene of 
coke-oven gases arc furnished by E. Bury and O. Ollander.^ The normal 
amount of ethylene and its homologiies pre.sent in coke-oven gas from 
Durham coal is approximately 2 per cent by volume, so with a 70 per 

1 Gas J. 1919, 148, 718; (^hem. Trade J. 1919, 66, 36; Iron & Coal Trades 
Review, 1919, 99, 804; Chem. Abs. 1920, 826, 
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cent absorption of this gas as ethyl sulphuric acid with a 70 per cent 
conversion of the latter to alcohol a yield of 1.6 gallons of absolute 
alcohol would be obtained per ton of coal. During the war, research 
was made at the Skinningrove Iron and Steel Works toward the recovery 
of ethylene from coke-oven gas, the ethylene being utilized for the 
manufacture^)! mustard gas by passing it directly into sulphur chloride. 
It was shown that after purifying the gases of hydrogen sulphide, carbon 
bisulphide and carbon dioxide the heavy hydrocarbons could be readily 
removed. Peat, or beech charcoal, was proposc'd as the absorbent 
and the c;thylene driven off by heating. Later 95 per cent sulphuric 
acid was deemed preferable as an absorbent on these grounds C (l) Sul- 
])huric acid can be obtained from the coal itself independently of outside 
resources. (2) Handling charcoal on such a systenn is much more 
cosily than pumping a Ihiuid. (3) To us(‘ charcoal Ihe carbon dioxide 
must be removed from the gas; otherwise the (*arbon dioxide is ab- 
sorbed inst(‘ad of th(' •ethylene. (4) Heating the charcoal requires a 
grc'ater expiaulitiuv of heat than the dire(4 heating of sulphuric a(*id. 
(5) Uharcoal wih absorb only 1 per cent of its weight Ix'fore losing its 
(^f{i(‘i(mcy, wln'refis sulphuric acid will absorb 5.1 per cent of its weight. 
A disadvanlag(' of using sulphuric acid is that a considc'rable amount of 
it, after absorpl ion of ('thyUme, is redu(‘ed to sulphur dioxide which, un- 
l('ss recovered, adds lo lh(' cost of the process. As to the efficiency of 
the absorption Fritsclu' had formei’ly stati'd that 12 cu. m. of scrubbing 
surface were ri'ciuirial pia* cu. in. of gas tn^ated per minute and that 
even undi'r higher jiressures tlian 4 atmosphei‘('s th(‘ degri^e of absorp- 
tion could not be increased. It was finally asccaiained that, given suf- 
fici('nt scrubbing surfac(‘, 70 to 80 per cent of the total ethyhme can b(' 
absorbi'd by 95 jx'r cemt sulphuric acid at tempc'ratures between 60° and 

^ Lebeau and Damiens liavc .shown lhat in the presence of catalysts .such as 
van.adic, uranic, iung.stic, or molybdic acads, .sulpliuric acid rapidly and coinpletely 
absorbs eth> leno (,L ft. 0. I. 19115, 277), and it lias since been slumn by Damiens 
that the ethylene is absorbed as ethyl hydrogen sulphate. E. de Loisy (Uomptes 
rend 1920, 170, 50; J. ft. C. I. 1920, 117 A) makes use of tliese two imjiortant 
facts in his process ddie coal gas is bidiblcd through tlie acid at a concentration of 
GtU Be, and by suitable subsecpient dilution and distillation alcohol or ether may 
be obtained as reijuired. The diluted acid serves for the iireparation of ammonium 
sulphate, ftince, however, twice as much acid is reipiired foi the absorption of ethyl- 
ene as for the production of ammonium sulphate, a portion of the acid is concen- 
trated by means of the waste heat from the gas coming from the coke ovens, and 
can thus be used either for the absorption of the (dhylene or for the preliminary 
drying of the gases and the absorption of the trai'es of propylene, butylene, and 
acetylenic hydrocarbons present. By this methoil it is only necessary to replace 
the acid removed in the form of ammonium sulphate, (ftee also Bury, J. ft. C. 1. 
1920, 94A.) 
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80° C., also that 71 per cent of the total is removed in two minutes. 
Temperatures higher than 80°('. cannot be used, as decomposition 
occurs, while below 30° the recovery is almost negligible. Water 
must not be present in the sulphuric acid nor in the gas. ('Ise absorpt ion 
of ethylene fails, and the ethyl sulphuric acid already formed hydrolyzes 
in situ forming ethyl alcohol, which is carrital forward in the gas. In 
developing the proce.ss further two ways w(*re ju esemted:' (l) Oxidation 
of ethyl sulphuric acid by electrolysis for (Ik^ manufacture of a(;etic acid, 
(2) hydrolysis with superheated steam foi* mamifa(!ture of alcohol and 
the r('cov(ay of tin; sulphuric acid. By th(' former method 80 per (;ent 
of the acetic acid may be obtained, by tli(^ latter 70 per cent of the 
ethyl alcohol, the main problem being the limit of dilution of the acid 
with water, the sulphuric acid Ixang n'concent rated for re-us(^ in the 
ethylene scrubbers. TIk^ 95 per cimt sulphuric acid is reduced by the 
absorption of ethylene to 77 per c(mt, and by the distillation of the 
alcohol formed during the hydrolysis to 74 p(‘r cent. This figure should 
be improved in the commercial process with mor(‘ ellicient apparatus. 
The sulj)hur dioxide present in the exit gas('s cjin b(‘. re(;over('d by 
passing the (‘xit gases back into the coke-oven gas {\nd ])r('ci))itating 
sulphur according to the reaction 2 n 2 S + S ()2 = 2T[2f ^ + 3S, thus not 
only purifying the ov(*n gas and preventing loss of sulphur dfoxich' but 
providing the sulphur for making sulphuric acid for tht‘ ])roc(‘ss and for 
the manufacture of ammonium sulphate. lOconomv in fuel is obtainc'd 
by utilizing the waste heat in cooling the gas from 250° -300° ("^ down 
to the required 60°-80°(\ The removal of the ethylene do('s not 
materially affect the calorific valu(‘ of tlie gas sinc(' tlu' ethylc'iK' ex- 
tracted represents only 4.7 p(‘r cent of the total calorihc valiu^ of the 
average gas. 
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CHAPTER XXVI 


'shale as a source of motor fuel 

In consitlc'rinp; sluile as a source of motor fuel, the followinji; ques- 
tions (‘si)ecially siiould be revu^wcd: (1) Of tiu' crud(‘ oil obtained, what 
p(T(*enta^»,(' of light na|)htha can be obtained l\y straight distillation? 
(2) How much of this can be produced in a condition suitabk; as motor 
fiu'l? (3) W’hat i)roportion of the waste oils, that is, gas oil and even 
h(‘avy residu(‘S o(;cur in distilling? (4) How much light naphtha can 
1)(‘ produc(‘d by augmenting the straight distilknl naphtha with naphtha 
produced by cracking the heavier oils (including burning oil, gas oils, 
etc., and ev(‘n fuel oils)? 

In other words v/e will consider the yield and chemical (juality, not 
only of th(' naphtha, directly obtainable, but also of the burning oils, 
gas oils and otlu'r^hydrocarbon oils, because it will be possible to conv(‘rt 
th(‘ heavi('r hvdrocarl.)ons into lighter onc's l.>y cracking methods. Min- 
ing iiK'thoAs and retorting processes (of which there are many) will be 
consid('red bric'fly, 

A short account of the chemistry of the organic matter in shale 
is also givc'u as this is believed to be of fundamental importance to an 
uiukastanding of the peculiar characteristics of shale oil and wherein it 
differs from pcdroleum. 

A gn'at (k‘al of interest has been of late shown ^ in various parts 
of th(^ world in coniu'ction with the production of gasoline substi- 
tutes from shales rich in hydrocarbons. The United States Geological 
Surv(\y has investigated these deposits, the largest of which are found 
in th(' Grei'ii Piver formation of northwestc'rn Golorado and north- 
west(‘rn Utah. These areas have been mapped out, their depths and 
lengths hav(‘ been measured, and crude field tests made. The shales 
on distilling yield petroleum, the amount depending largely on the rich- 
ness in hydrocarbons of the shajes,-^liich vari(‘s in different localities. 
In the Unit('d States Geological Survey Press Bulletin for December, 
• 1916, it is stated that in Colorado alone 20,000,000,000 barrels of crude 
oil could be obtained by distilling shale deposits ranging over 3 feet 
in thickness. This would yield, it is said, in the neighborhood of 

' Anon. Met, and Chem. Eng. 1917, 16, 71. 
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2,000,000,000 barrels of gasoline substitute, an item of considerable 
importance^ 

The oil produced from some of those sludos is dark brown in color, rather 
mobile, and has a dominant odor of the lighter hydrocarbons, 'rhe extent to 
which these latter are present may be judged (it is stat(‘d) from the fact that on 
receiving a sample directly from the source of <listiila(ion it was put in a bottle 
and stoppered very tightly with an ordinary i^ork. After standing for three weeks 
the oil had become very viscous, had very little odor due to the lighter hydro- 
carbons, the main odor now' being that typical of the product left on distilling 
ordinary petroleum for the lighter and more volatile constif iients. 

Rich oil shale is stated to be very tough, burns on ignition and resists, to a 
remarkable extent, erosion. On weathering a bluish whit(‘ color is developed. 
A good oil shale should be dense in structure and flatten out to an adla'rmg mass 
on pressing a small piece wath the blade of a knife, ('olorado oil sliak's yield a 
crude oil which gives 10 to 15 [ler cent gasoline by ordinary methods of refining 
Furthermore, 500, (KK), 000 tons of ammonium sul[)hnte, it is said, could be deriv'crl 
from the Colorado shales. This product is of <‘xceptional value as a fertilizer 
The equipment for a plant handling these shales would be rather cosily and com- 
prise buildings, retorts, condensers, refining machinery and mining machinery. The 
oil shale industry on a small scale would in all probability not pay.” 

Regarding the use, as motor fuel, of shale naph ha, J. V. Meigs‘S 
recommends improving the latter by the solution tlu'rein of a suitabh' 
proportion of alcohol in order to assist in overcoming th(‘ tandtmcy of 
the unsaturated hydrocarbons in shale naphtha toward cafbon deposit 
when burned in automobile cylindiu-s. He poinls out that such a 
procedure would bring togetlua- two of otir largest future motor fuel 
sources, viz. alcohol and shale oil. 

The economic success of n shtde-oil industry, Baskerville ^ finds, will 
depend upon the following factors: (1) TIk' shah' must yi(‘ld an oil 
of satisfactory character, resembling pi'troleum of good (juality. (2) The 
oil must be produced in sufficient (luanlity to pay costs of mining, 
retorting and refining, or must be of unusual value liecause of high 

1 South Africa seems to offer another possible source for gasoline from bitu- 
minous shales, According to the South African Mining Journal, Aug 1!), 1910, 
p. 460, such bituminous shales should not occur in nietamorphic rocks, because 
any severe metamorjihism destroys these shales. Rituminous shales are known 
to occur in the Black Shale group in Rhodesia The d(‘posit lies in the region 
of the Wankie Main coal fields. Other p.'-'sible localities in South Africa are stated 
to be the main belt which stretches in a northea.J^rn and southwestern direction 
through the Wankie and Sebungwe districts. Du Toit (South African Mining Jour- 
nal, Oct, 28, 1910; Met. and Ohem. Eng. loc. ci(.) states that he has examined shak's 
which produced 27.1 gal. of erude oil per ton of shale. On the other hand, reports 
have it that shales giving a far greater amount of erude oil have been tested. 

2 Address delivered biJorc New Jersey (.'hemical Society, Newark, N. J., Ajiril 
12, 1920. 

3 Chem. Abs. 1919, 2126; Bull. Am. Inst. Mming Met. Eng. 1919, 9.57-60. 
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content of paraffin or iehthyol. (3) The yield of aininonia ii)ust be 
relatively hi^h. (4) The shale must be abundant, and capable of 
i)(‘ing mined cheaply. Abundant water sup[)ly of good purity is neces- 
sary. (5) An adt'quate supply of (cheap) sulphuric acid is essential. A 
,■)(), 000, 000 barrel annual production of shale-oil would require, it is said, 
()2r>,000 tons (Af sulphuric acid yielding over 800,000 tons of ammonium 
sulphate. This (pianlity of suli)fiate would materially eft'c^ct the market 
pi-ice. (6) lTop(‘r methods of retorting for such shale are essential. 
Full-size plant t(\st operations give the only reliable results. Much 
inv(‘stigati()n is stated to b(^ still m^cessary for successful plant practices. 

Simpson 1 states that Scotch retorts have becui brought to a high 
tlcgree of perhx'tion for treating S(;otch shales, und(u* the very special 
industrial, commercial, financial and climatic conditions which exist 
in Scotland. It does not follow, howev(‘r, that thes(‘ designs of retorts 
arc the most suitable for other shales and other conditions. Too many 
tests have biaui made ^ith Scotch retorts by Scotch engineers upon 
tli(' assumption that Jthe succ(\ss or failure of the runs would be indicative 
of the advisability of developing the industry in other localities. The 
most (h'sirable i)1’a(;tice in r(‘torting with especially designed retorts 
requin's application of the following principles: — Continuous feeding 
of (lri('d shale, continuous removing of sjient shale, heating by means 
of iireheated gas, avoiding the high temperatun^s of the Scotch retorts 
thems('lv(‘s, cons('rving all heat- possi])le, removing educed gases as 
(]uickly as possibh', coiKhmsing the eiluced gases at constant speed 
conditions, giving, by such condensation, oils fractionated into four or 
more kinds, and washing with an efficient washer which requires infre- 
fpK'ut ck'aning. Th(‘ ground area of the plant should be small. The 
buildings should be of fireproof construction. A plant for 1000 tons 
per 24 hour day, including ('viaything but storages tanks, should not, it 
is said, covcu' nion' than 2500 square feet. 

' Winchester ^ notes that although the first st('j)s toward the com- 
m(‘rical d('V('lopment of oil shale in the United States were taken only 
a few years ago, there are at the present time prospects that within 
another five years, an indust ly of immense proportions will be well 
started and commercial prodiudifiiif^^ shale oil may have assumed 
considerable proportions.^ 

. D. R. Stewart obs/v(‘s ^ t hat the Boghead or Torbanehill Mineral 

‘ (lipm. Aba. 1919, 2592; Cliein. Met. Eng 1919 (21), 176-8. 

^ (-hemioal A^,V1919, 119. 

3 “The Clm^try of the Oil Shales” in “Tlie Oil Shales of the Lothians” 
“-^Si^Aland^-rfHeing part of the Memoirs of the Oeologieal Survey, of Scotland. 2nd 
Edition. Edinburgh. Morrison and Gibb, Limited, 1912. 

^ Ihid. p. 160. 
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was the first substance used in Scotland for paraffin oil making, and 
torbanite is by far the best yet discovered for that purpose or gas 
making. There is some question as to whether torbanite should be 
H'garded as coal or shale, and in a strict scientific sense probably should 
be termed a very rich shale. 

It is further stilted* that in the oil-shale, as in the Torbanehill Mineral, jiaraffin 
and paraffin oil do not exist as such: they are created by the destructive distilla- 
tion in the retorts. There is very little in shale soluble in petroleum sjiirit, ben- 
zene, carbon disulphide, ether, and such solvents. The substance is therefore, it 
is stated, not of the nature of petroleum, bitumen or resin. All hydrogen and 
carbon compounds produced by inorganic reactions are soluble in these solvents, 
and this makes it almost certain that kerogen is of organic origin. 

The material has probably been deposited, it- is said, together with clay, at 
the bottom of lagoons, and has there been subjected to mai'cration and limited 
microbe action. Part would decompose and only what could witlistainl the water, 
etc., would remain. According to Stewart, we can imagine a plant or plant- 
organ decaying and leaving onlv the wax or fat that was originally meant for 
its protective covering, or perhaps some resinous excretion or secretion But this 
would give materials soluble in solvents, and might account for the origin of petro- 
leum or bitumen, but not for kerogen. 

Some shales are largely made up of entomostraca, and it is probable ^ that- the 
animal matter has in some eases been converted into kerogen. Kerogen ean b(‘ 
conceived as produced from any kind of organic matter by the actioi] of microlxs 
under special circumstances, the product being dejiendent on the microbe. Or, 
on the other hand, kerogen in some cases may be the remnins of ci'rtaiu kinds of 
vegetalile matter, like pine pollen or lycopod spores, perhaps little altered, th(‘ 
product being dependent on the nature of the original organic matter. Surmising 
that kerogen might be some such substance not much altered, it was endeavored 
to make artificial shale. Dried Florida fuller’s earth was taken, 7^) parts, and 
Ivcoyiodiurn spore dust, 25 parts, to represent the sup[)o.sed lycoiiorliaceous Lc- 
pidodcnAron s[)ores from forests by lagoons, and the mixture was moistened and 
made into a brick with gentle heat. It was then broken uj) and distilled in a 
laboratory retort. Crude oil was obtained equal to 25.(S gallons per ton, sj). gr. 
.y:i0, and sidting point 35° F. (2° C.), and sulphate of ammonia 3.3 lbs. per ton. 

It was found, however, that lycopodium dust, treated with benzene (AUc, Soxhlet • 
fashion, gave iij) 21 per cent in .solution, which, on evaporation of the benzene, 
yielded a yellow-brown viscous oil. After thorough extraction of the oil in this 
way, the remaining insoluble matter of the spore dust was taken and made into 
a brick as before, and in the proportion of 25 per cent of the original dust. On 
retorting, crude oil was obtained e.qoal to 17 gallons per ton, sp. gr. .930, and 
sulphate of ammonia 1 lb. per ton. TTk. ''~’ule oil, specific gravity and sidling 
point, and the amount of ammonia agreed very‘v^ll with the figures got from 
the Torbanehill Mineral and the higher shales. ''' » 

Others have ascribed the organic matter in shale i' lycopodiaceous spores, 
and it is quite reasonable to consider that such material ci^.'tributed to some ex- 
tent at least to the formation of the Torbanehill Mineral and oO-shale. As peat 
gives paraffin products on distillation very like those of shale, it is ,/"obable that. ^ 


lUd. pp. 164-165. 


* Stewart, he. cit. 
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shale contains ordinary vegetable or organic matter that hius undergone (Jecay to 
substances of a humic a(‘id nature, which have been rendered insoluble and pre- 
served by chemical combination with the metallic oxides of the clay or water, the 
alumina, hme, etc. 

Oil-sliale, therefore, may be composed of (1) vegetable matter which has been 
niad(‘ into a pulp by maceration in water and preserved by combining with the 
sabs III solid ion already mentioiual; (2) richer materials of many kinds, such as 
-[)ores, which nature has provided with means for protection against dei^ay; and 
(3) a proportion of animal matter. 

Again, shale may be considered ;rs torbanite containing a larger proportion 
of ('arthy matt(‘r from its original deposition, or piahajis shale is simply a lor- 
haiiite lliat lias dc^teriorated with age. For, as already indicated, the crude oil 
dmiinishes and the ammonia increase's as a general rule with the age of the shale. 
In old peat the proportion of nitrogen is sonK'times, if not always, greater than in 
new iieat of the same bog, owing to the nitrogc'ii-free compounds decaying more 
rapidly than the nitrogenous compounds under the special circumstances Re- 
c('nt |)lants subje'cted to destructive distillation yield a very acid distillate, peat 
l('s^ so, brown coal still h'ss, ''rorbanehill JMim'ral has a distillate slightly acid at 
the hi'ginning and alkaline. •further on, while shale is very alkaline throughout 
Ili'iKM' the decH'ase of crude oil and incn'ase of ammonia may part ly be tlu^ n'sult, 
of age No doubt ])arf of the nitrogi'n is in combination m tin* kerogen,^ and 
this jiart may through time ha, ye increased in protiortion; but th('. richness of the' 
oldi'i’ sliah's in amiifonia is more, it is stated, than wc would c.xpect from this 
cause alone. 

• 

Winchester (loc. cit.) Lclievos that it lias Leen pretty d(‘finitely 
pi()V(‘d (hat tin; oil shale of tlie Cireen River formation to be found in 
Colorado, Utidi and Wyoming dot's not contain oil as sueh but dot's 
eonlain partly Lituminizt'd vegt'tahle matter in such a state of alt(‘r- 
ation that tln^ addition of heat will produee oil. 

The composition of the organie constituents (jf good average shale, repre- 
senting the kerogi'ii referri'd to, is giv<'u by Mills (Destructive Distillation, 4tli 
Edition, ]> hO). -- 

('.‘irbon 2.") 27 per cent 

Hydrogen 3 67 “ 

Oxygi'ii . . 5 65 “ 

Nitrogi'ii ... 1.14 

Sulphur 0 40 “ 

T) 22 

Pint of the nitrogi'ii and su 1 oh 1 1 r 1 1 ) t in combination in the kerogen; 

blit excluding the ash, iiitroj^tv^'^aml suljihur, the pen'entage com])osition is: — ■ 
• ('arhon 73 05 

II>dr()g('n . 10 62 

Oxygen 16.33 

loolx) 

'bh iij .jjaK^'^sponds to OJIioO. 

The proportion here between carbon and hydrogen is 100 carbon to 14.5 
hydrogen. • 
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The flexibility of oil shale distinguishes it, according to Winchester ' 
from ordinary carbonaceous shale which is brittle. Freshly broken 
oil shale gives off a peculiar odor similar to that of crude petroleum, 
although the shahi contains, it is said, little oil as such or bituminous 
matter that is soluble in eth(‘r, chloroform, carbon bisulphide or other 
solvents for bitumen. It is stated ^ that exp('riments have shown that 
from a sam[)le of shale yielding oil to the (‘xtc'nt of 14 per cent of its 
W(‘ight (by distillation) it is possibhi to extract fi'oni th(‘ oiiginal shale 
by means of carbon bisulphkh’ l(‘ss than 10 per c{‘nt of th(' amount of oil 
ol)tainable by distillation. The larg(‘ ash cont(Mit of shal(‘ (for examjde, 
that from the Green Riv('r formation in Colorado, shows ^ an average 
ash content of 00 per cent) rendei's it im})()ssi])](' to use tlu' crud(' sliale 
directly as fuel. It must th(‘r(‘for(' be distilled in ord(>r to obtain shale 
oil, fuel gas, ammonia and other nitrogcai coinjxmnds (for example, 
pyridine). 

Fractionation of shale oil in Northwestoi’ii Colorado and adjac('nt 
area gives the following products ** as oils. 


(kusolinc (distillate to loiFU.) 
Kerosene (loO -aOO'’ ( ’ ) 

Asphalt 

Paraffin 


7-12 0 per cent 
2S .7-1!) 0 p(T cent 

0 17-1 1 ])er cent 

1 1)4 !) 21 per cent 


A small amount of “shale spirit ” may Ix' obtaiiaal fiom the pei- 
manent gas derived in th(‘ original distillation, but most of the valuable 
hydrocarbon products will be produc(*d from th(‘ slade oil itself. 

Tests eondiieted in the laboratory and in small experimental plants show^ 
that in this country layers of shale, mostly, liowever, too thm to mine commercially 
can be obtained that will yield upwards of t)0 gallons of oil a ton, and that there 
arc exten.sive deposits c)f shale several feet thick- — at least one beinfz; reported 
at 25 or 40 feet — that will yield, aceonlin^ to small-scale tests, one barrel (12 
gallons) a ton. It must be und<‘i'stood, however, that th(‘ (juantity and (piality • 
of oil that can be obtained from a given shale will dejiend to a consideral)lc ex- 
tent on the methods used in obtaining Ihe oil; the t\pcs of r(‘torf, rate of lu'aling, 
removal of vapors, etc. It is also diflicult to gi't a small sanijile that truly reji- 
resents a w'orkable deposit. In Scotland testing methods have bec'ii w’orked out 
which give results comparabh* with. Ihose obtained m commi'rcial plants in so far 
as quantity of oil and ammonia recover,' concerned. If proper care is taken 

' U. S. ecological Survey Bulletin 01)1 -B, p. 40 (. mil 40, BlbS). . 

2 Winchester, loc. cit. p. 41. ^ Winch^pter, loc. cd 

* Winchester, loc. cit. p. 43. 

® U. S. Bureau of Mines. Notes on Oil Shale Industry With particular ref- 
erence to the Rocky Mountain district, p. 3 (May 1, 1019), by (yai/m. Hill and.^. 
Perdew. 
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in sninj)lin[^ such tests may be expected to furnish valuable information ^dative 
to yields of oil and ammonia. 

Investijijations by the thiited States (ieoloi^ical Survey indicate that, in the 
Rocky Mountain States, there are enormous quantities of oil shales which can be 
made to yield hydrocarbon oils to a much greater extent than we can hope to 
obtain from our oil wells. ^ 

Our oil shalfs thus constitute a tremendous potential reserve. While oil can 
readily be obtained from th(‘se shales, it h;us not been demonstrated in actual 
commercial practice whether it can be produced with profit under the conditions 
oblammg m the Fnited States today A distinction must be made between the 
possibihtu's of local commercial developments undiT most favorable local condi- 
tions and the development of (he industry on a sufficiently large scale to supplant 
m large jiart the petroleum industry. The latter is obviously many years ahead 
and must necessarily be the outgrowth of local mdustri(‘s started under rather 
exci'iitionally favorable conditions The (pu'stion at the time is when and where 
such local industries can be started. There are to be considenal, therefore, the 
broad (piestions of tiThniipu' of mining and retorting shales and the refining of 
shale oils, as wi'll as the (‘conomic considerations of costs and marketing of prod- 
ucts Much remains to be 'done in the techniiiue of the industry, as it has not 
hiH'ii establishi'd that t^e SiMitch practice* can be adoiited in toto or that it is the 
best for American condilioris. Still more remains to be done in establishing re- 
liable* cost data and , value of products and possible by-products. 


• Technical Considerations *^ 

Preparing Oil Shale for Distillation. — Aft(‘r oil shiilo is iiiiiiod and 
brought down to tin* jdants for tho inaniifaidun^ of shale oil, it needs 
to bi* crushed Ix'fon* it is subjected to distdlation, and the fineness to 
which it is crusli('d will d(*p(*nd on the method of treatment to which 
it is lo he submitted. Tin* (‘xisting machinery for crushing rock may 
iKH'd to he r(‘mod('l('d to handle (‘ffieiently and economietdly this tough, 
almost rubhiMy sludi', which is inclined to pack rath(*r than to crush 
hut this is a minor mechanical detail which can he adjusted. 

\ 

Distilling Machinery 

At the pres(*nt time thi'n* is a great amount of activity in shale dis- 
tillation, particularly in the States of Colorado, Utah, and Nevada, 
where there arc large and easily a<*j.’ 'rtSihle deposits of rich oil shale 
and when* geographic and tr‘•:?^*|)()r^nti()n conditions are such as to favor 
^the production of oil iiyfhese state's. 

Th(‘ manufacture /f)f the shale oil and by-products from oil shale 
requires heat, aiv^'hnany type's eif apparatus are being designe^el and 

’ U. S. jfi reau of Mines, Notes on Oil Shale Industry, May 1, 1919, p. 4. 
^-^.fnalt, U. S. Oeologieal Survey, Rulletin 711--B, pp. 37-40; from contribu- 
tions to Economic Oeology, 19 1 y. Part 11, pp. 15-40. 
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triod. At least twenty processes for the extraction of oil from shale 
are recognized. 

In order to obtain the maximum amount of ammonia in the shale 
it is necessaiy, according to Condit, to heat the shale to incandescence 
and then to introduce steam. The stcuim dissociates in the presence of 
fixed carbon which has been formed in the process of heating, liberat- 
ing hydrogen which combines with the nitrogen, forming ammonia. In 
this country, where our most favorable shale deposits an; very much 
richer in oil, but contain less nitrogen than the Scottish shales, it may 
prove advantageous to neglect more or less the ammonia production 
and to increase the capacity of a plant by shortening the time and 
temperature of heating. 

Theoretically, all the products now obtained from both crude 
petroleum and from coal tar are possible from shale oils. The Scottish 
operators have never made many different })roducts fi’om their shale 
oil, marketing it as motor spirit, naphtha, bui‘ning oil, gas and fuel 
oil, lubricating oil, and paraffin wax. This is probably largely due to 
the fact that they have well-established markets for these products 
and for this reason find it more profitable to confine themselves to 
them. It must be realized that, no little skill and expcalcnce will b(' 
necessary in making many different marketable' products from shale oil. 

Costs. — The cost of mining oil shale will probably Im' as great as 
that of the mining of coal in the same general region under similar 
conditions, if not greater, and undeTground mining will therefore cost 
at least $1 a ton. 

Reliable general estimates of the cost of shale; (Ml operations can 
not be made, as most of the costs are dependent, largely on local anel 
individual conditions. Some of the shale deposits are such that the 
shale can be mined with a steam shovel. This, of course, is a much 
cheaper method of mining than the stope anel pillar or either methexis 
where the shale must be brought from undergremnd. Thirty-five cents 
per ton is considered by some as a reasonable figure for the aveivigc 
steam-shovel mining and $1.15 per ton as an average figure for uneler- 
ground mining. 

The delivery of oil shale to tfi^ .e+orls will in most places necessitate 
the installation of tramway systems. Cfrc>bers of special typos will 
be needed to reduce the oil shale to proper fine/^^ss for retorting. The • 
original cost as well as the cost of operation ofTmshers will dcfiend 
largely on the degree of pulverization demanded by tho yetorts in which 
the shale is to be distilled, but in any case the cost will noivxY?^ small. 

The estimates of cost of installing the various retorting systcans ic^iige 
from $300 to $2500 per ton of shale to be handled daily. These figures 
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represent preliminary estimates, and in the present state of the industry 
they arc the best available. Accurate figures relative to the costs of 
operating the retorting machinery will not be available until plants 
of commercial size arc put into operation. The cost, in Scotland, of 
a commercialized Pumpherston plant complete with retorts, condensers, 
and ammonium-sulphate house was estimated by Henderson ^ at pre- 
war prices (before 1909) to be*" at least $350 per ton of shale to be 
tr(\at(‘d daily. 

After the oil shale has been mined, prepared, and retorted, -the 
product is crude shale oil, which, like crude oil-well petroleum, must 
be r(‘fined bcTore its value will be fully I'ealized. A refining plant must 
therefore be available, and tank cars or trucks will be needed for trans- 
porting the crude shale oil to tlu', n'finery, as tlu're seems to be ample 
indication that it will be impractical to convey shale oil by pipe line 
because of the fact that the oil may be thick or almost solid, at least 
in cold weather. TIk^ j^hale oil manufactured in S(‘otland is too thick 
for piping at ordinary temperatures. 

It is (ividcait, ther(‘fore, that the installation of a commercial oil- 
shale plant mean?^ the expenditure of no less than half a million dollars 
and probably much more, and such a plant must be o])erated with the 
greatc'st ('fficicncy and at a minimum cost in order to i)roduce shale oil 
and other oil-shale producls at a profit. Tln^ production of shale oil in 
paying (pumtiti('s will r(‘quire [dants cajmble of treating great amounts, 
perhaps 1000 tons of shale a day. If it is assumed that the average 
oil shale trcat(Hl will yield aiiproximately 1 barrel of shale oil per ton 
of shal(% it will be m'cessary to install and operate a great numl)er of 
such plants to enable the shale-oil industry to replace in any great 
degn'c the decreasing supply of pcdroleum in this country. 

The pre-war cost of retorting in Scotland was about forty cents a 
ton, but to accept that figure, without modifications in making esti- 
mates of pres('nt charges, is not justifiable, as labor and material costs, 
even in Scotland, are much higher than they were before the war.^ 

Estimate's by various engineers of the cost of a complete reporting 
plant, handling 1000 tons of shale a day, are betweem $1,000,000 and 
$5,000,000, and if the average^lj^'^Tfeatcd yielded 42 gallons of oil a 
ton it would probably m«ffiTI^ at least 1300 such plants to supply the 
volume of crude oilJmat is being consumed in this country today, 
and th(i shale miin^i^laily would amount to approximately one-half the 
coal mined (lajjiif^ this country. However, it is hardly to be expected 

Joint report on bituminous or oil shales of New Brunswiek and 
Nova Scotia, p. 29, Canada Dept. Mines, 1909. 

* U. S. Bureau of Mines, Notes on Oil Shale Industry, May 1, 1919, p. 10. 
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that shale oil will be called upon to replace petroleum completely, for a 
great many yeare. Although the Scotch industry lias been existent 
for more than 50 years, the amount of shale oil produced in Scotland 
during the calendar year of 1016 was less than tliiee days’ average 
production of crude oil in the United Statics during the same year.^ 

It is stated that until the shale oil industry has iissumed lar^e proportions it 
must depend U])on local markets under the local C()m])etitive conditions that pre- 
vail during that period.^ At the present time the chief comjietition will tie from 
products obtained from the oils of the Wyoming oil fields which marketed over 
12,(X)0,(K)0 barrels of high grade crude oil in 19IS, then selling at about $1 SO a 
barrel at the w’cll. The oil shale plants in f^cotland are local ed very favorably, 
for they arc near the two largest cities of Scotland and comjxde with ])(‘troleiiin 
prodiicte that must be imported from the Ignited States and other foreign coun- 
tries. 

The U. S. Bureau of Mines noti^s Ihut it costs in round numbers 
about ton cents per barrel to “ top ” crude oil, that is, take tlu' gasoline 
off cruder oil, and that it scauns reasonable to believe' that shale oil can 
be topped at about the same cost. ' 

Winchester ^ in six tests to determine the comparative values of 
steam and dry distillation on the yi(‘]d of oil from shale in (’olorado and 
adjacent ai’cas, found with four out of the six samples (from the same 
lot of shale) that steam causes an increased yield of from 10 to nearly 
50 per cent over that obtained with dry distillation. Tn the other 
two tests about the same amount of oil was obtained.® 

From th(i examination of a large numbei’ of samplers, the following 
yields of the various fractions were obtaiiH'd: 

(hisoline I)-12 pi‘r cent 

Kerosene 2S 5 19 pc'r cent 

Paniflin 1 H3 -7 70 per cent 

Sulphur in the crude oil was found to range' from 0.41 to 1.42 p('r cent. 
It is also stated that samples of oil subject ('d to cracking showed that 

^ U. *S. Bureau of Mine.s, Xotes on Oil Shale Industry, May 1, 1919, p 18. 

2 U. S. Bureau of IVIines, loc, ciL, p. 13, 

» V. B. Lewes (J. S. (!. I. 1913, 411; (4iem. World, 1913 (2), 111 113), states 
that the Scotch shale oil industry >y«ld.s about 600, OfM) gallons of motor spirit jier 
annum. , 

* Chemical Age, 1919, 124. 

® Chem. Abs. 1917, 1808-9; U. S. Geological Surrey, Bulletin 641-F (1916), 
139-98. 

® Steam distillation of .shale increases the yield of the oil a few gallons i)er ton, 
and the specific gravity of the oil thus obtained is higher by O.O.'^'v^' 0 01 than when 
a dry distillation is made according to C. W. Botkin (C3iem. AnVu.1920, 1753i^ 
Quarterly Colo. School Mines 4, No. 4, 16-17 (1919)). The yield of ammoniil'is 
increased to 2 to 3 times when steam distillation b used. 
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shale oil may l)o made to yield a much larger proportion of spirit than 
that noi*mally available from it. 

The most important step in the development of American oil shale 
so far (Feb. 1, 1919) recorded, according to H. J. Wolf/ is being taken 
1)V the llte Oil Co., of St. Louis, Mo. This company is erecting a 400-ton 
shale oil pljint about eight miles from Watson, Utah, on the White 
Riv(n’. This is the largest sRale-retorting plant under construction 
in this country. The Wallace process is to be used. The decision to 
erect the new plant was based on the results of extensive testing of 
many samples of shale. The site of the new plant was carefully con- 
sidered with regard to the availability and the delivery of the shale, 
and the disposal of the residue. The deposit is in the form of a long, 
high bluff, wit h no overburden. 


Methods of Mining and Milling ^ 

The mining con?jists of drilling and blasting down a supply of shale 
once or twice a week. The shale is then broken by hand to 10 by 15-in. 
size, and delivtued to a 48-in. American pulveriz(‘r of ring-and-hammer 
tyiK', capable of receiving a piece as large as 15 by 45 in., and crushing 
to ^2 io., with 20 per (xmt. fines and 10 ])er cent over ] in., with a capacity 
of 50 tons i)cr hour. Tlu^ crushed material will be dedivered, by an 
endl(‘ss belt conveyor, to shale storage bins. From the bins the material 
will be r(M!eived by larries, three in number, running on sepai’ate mono- 
rails. Each lariy will serve six retorts. The oil from the retorts will 
l)(‘ conducted through condens(‘rs and washers into a large criuk'-oil 
storages tank. Each retort holds one ton of shale. It is clainuHl that 
the process will (extract 90 per cent, of the total available oil in one hour. 
Shale from this locality yields an average of 54 gallons of oil per ton 
pf shale retorted. The lowest yield is 31.5 gallons and the highest is 
80.5 gallons per ton. It is estimated that the shale, retorted, will yi(dd 
about one barrtd of oil per ton. 

In the state of Colorado oil-shah' retorting plants have been in- 
stalled or are in process of erection, in^the vicinity of De Beque. The 
American Shale Refining v eloping oil-shale properties on Conn 

Creek, about 12 miles fiom De Beque. This company plans to install 
several l5()-ton Win^ett retorts. One of these retorts has been made 
by the McFarlan' -Eggers Machinery Company of Denver, and has 
been shipped to the property. A 3000-ft. tramway, with a capacity 
of 900 per day, is to be installed to deliver shale from the mine to 

^ Eng. and Min. Journal, ^919 (107), 217. * Wolf, loc. cit. 
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the retorting plane. The company’s property has an area of 12,000 
acres. The shale cliffs rise to a height of 2500 feet. There arc five 
different strata of oil shale. The highest and richest stratum is 60 
feet thick. E.xtensive tests indicate a yield of 60 gallons of crude oil 
per ton. A second stratum 200 feet below the first is 75 feet thick 
and is expected to yield 50 gallons per ton. The available oil in these 
two strata is estimated at about 20,009,000 bbl., and the ammonium 
sulphate at approximately 20,000 tons. 

The Oil Shale Mining Company is developing property on Dry 
CTeck, twenty miles northwest of De Beque. It has orc^ctcxl six retorts 
of the Henderson type, ea(;h with a daily capacity of 6 tons. This is the 
fii*st plant of its kind in the United States. The scam of oil shale is 

10 to 20 feet thick, and averages 75 gallons of oil i)er ton. The Mount 
Logan Oil Shale Mining and Refining Company is developing prof)crty 
on Mount Logan, four miles from De Beque. It has three 20-ton re- 
torts. Samples of shale have yielded as high as 100 gallons of oil per ton. 
The Colorado Carbon C’ompany is developing proi)erty on Kimball 
(’reek, twenty-seven miles from De Beque. Its main seam of shale is 
60 feet thick. Samples indicate a yield of 70 gallons of oil per ton. 
Many small companies have been formed with the view of exploiting oil- 
shale deposits in a limited way, but most of these organizations arc not 
supplied with adequate capital for the work they have undertaken. 

R. W. Lesley^ proposes to make recovery of ammonia and oil fiom 
low-grade carboniferous material such as shale, low-grade bituminous 
coal, lignite and the like, an integral part of Portland cement manu- 
facture. The method proposed for accomplishing this consists in 
utilizing the waste heat in flu(‘ gases from cement rotary kilns to distill 

011 from the low-grade carboniferous material. The residue from the 
destructive distillation of the latter consisting of argillaceous material 
containing fixed carbon is discharged from retorts and conveyed to 
rotary kilns after being mixed with calcareous material for the pro-; 
duction of cement. If for example shale is the material employed, hot 
spent shale from retorts containing a certain proportion of fixed carbon 
is mixed with limestone and used as raw material for the manufacture 
of cement in rotary kilns working m conjunction with shale retorts. 

The fixed carbon in the shale is burned during the process of cement 
clinkering and its fuel value utilized in this way. Ammonia may also 
be recovered simultaneously from nitrogen contaj^ned in the spent 
shale. In addition to utilizing the fuel value contained in fixed carbon 
present in the spent shale, the permanent gases from the'chale retorts 
are also employed to assist in the cement burning. 

1 U. S. Patf'nt 1,323,294, Dec., 2, 1919 
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The process is said to be applicable to many varieties of hjw-grade 
carboniferous material, including the waste piles from the washeries 
)f many of the bituminous coal mines. 

Tentative figures have been made ‘ on a cement plant producing 
Portland cement in the ordinary way as against the plant employing 




Fig. 200. — Diagram of Leslie procos-s for distilling shale and 
utilizing spent shale.- 


tho Lesley process. For a plant located at a coal or shale mine, using 
the round figures of 125 tons a day for the kiln as against 375 tons of 
shale, it is figured that there is increased gain of 62 cents (per barrel 
of cement produced) from the Lesley process as against a plant simi- 
larly located using the ordinary cement clinkering process. 

Figure 206 shows an outline of a process. Retorts for distilling the 
low-grade carboniferous material are indicateil at d and are heated by 

^ rtt^niical Ago, Juno, 1920, p. 207. 

^ Cut furnished through the courtesy of Lloyd Lamborn, Editor of Chemical 
Age (N.Y.). 
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the flue gases from the rotaiy cement kilns. A conveyor located in 
front and immediately beneath the retorts conveys hot spent shale 
to a hopper c, which discharges the mateiial into the rotary kiln. Fuel 
gases are removed from the shale retorts and conveyed by the pipe 
e to the front ends of the kilns. A stack g represents an ammonia 
recovery unit. 

Some of the possibilities of the oil-shale industry have been opti- 
mistically delineated by H. M. Roeschlaub.^ He calls attention to 
the enormous shide beds of ( olorado, Wyoming, Utah, and Nevada, 
deposits capable of yielding 42 gallons of oil per ton and the Colorado 
beds having a thickness which would give 110,000 tons per aci’(‘. Phos- 
phates, gilsonite and small amounts of elat elite aie associated with 
the shales. The temperature reipiired vaii(\s with the diflerent shakes, 
but ranges from 150° to 700° F. (6G° to 360° C.). Oil recovery should 
be th(‘ primary object, while permanent gas(‘s and ammonia compounds 
should be secondary products. A continuous' retorting piocess with 
stirring devices is needed, in order to prevent matting or fusion of the; 
shale. As ea(;h ton of American shale will jiroduce 2500-3500 cu. ft. 
of fixed gas (in addition to oil vajiors) with a fuel val'iie of 450 B.T.l'. 
per cubic foot, and as 350,000 to 500,000 B.T.U, ai'e required to retoi’t 
one ton of shale, an efficiency of only 50 [ler cent should give sutficuait 
gas for oil recovery, with an excess to gemerate steam for operating 
purposes. Mining and crushing will present no spi'cially difficult 
problems. It is probable that up to tempc'ratures of 600° F. (371° (\), 
10 pounds of ammonium sulphate jier ton will be jiroduced, but a. laigiu’ 
production of ammonia will reipiire higher temperatures and a r('to}t 
of special and more complicateil construction. The shale-oil n^siduum, 
after removal of naphthas and light lubricants, is supposedly valuable 
for flotation purposes. The spent shales contain 0.5 to 6.0 per cent 
of nitrates and some phosphates, and possibly could l)e utilized foi; 
fertilizer. Roeschlaub regards the time and conditions ripe for a 
wide exploitation of the Western oil shales. 

A. L. Pearse ^ expresses the opinion that owing to the chemical and 
physical differences in American shales, no single type of l etoi t is adapted 
for all. The requirements for ^ rei^i^ery and ammonia production 
from shale are conflicting; temperatures'4)elow 900° F. (482° U.) are 
best for oil and 900° to 2000° F. (482° to 1093° C.) for ammonia. As 
Scotch shales are low'er in oil yield and higher in nitrogen than Colorado 
shales, le.ss attention is likely to be given to ammonia in the ca.se of the 
latter than has been the practice in Scotland. Potash reciVery is not 

» Chem. Abs. 1920, 403; Eng. Mining J. (1919) (lOS), r)72-G. 

2 Chcra. Abs. 1919, 2438. 



SHALE AS A SOURC'E OF MOTOR FU1^:L 


581 


likely to be of interest in the industry when established. A 1500-ton 
Scot ell type of plant probably could be erected for $2000 per t6n day. 
A fi^urt' for a 1 000-tons- per-day plant in ( olorado has been given as 
$1200 per Ion day. Both plants are of the vertical continuous type. 
If on a railroad, more modern types presumably could be erected for 
$S00 to $10(^0 per ton day for capacities above 1000 tons per day. 
The costs for recovering and Tefining ammonium sulphate may be 
figured at $1.25 per ton. Retorting may be figured at $0.70. Jiy 
adding th(i cost of mining and the usual general charges, the basal 
figure for prodm^ts can be approximated. Air-tight retorts into which 
steam may Ik' inji^cted Pearse (considers to be the only successful types. 
He thinks that any [irocess involving mass-carbonization (as in coke 
ovens) is not likc'ly to succeed. The (capital) risk in distilling shal(‘ oil 
IS assert ( m 1 to b(^ less than that in oil-well (petroleum) operations and the 
(M)st of obtaining the iiroducts from a barrel of shale oil (shale yielding 
a barri‘1 of slide oil), tojbe no more than the averages cost of a barrel of 
oil-w(‘ll products (cf. cost estimates given on page 575). 

Shale Distillation in Scotland ^ 

Retorting. - E.ieh hopper, which is clost'd at the top with a lid or cover 
.‘ihoiit eigliUHMi mclies m diainoler, holds s(*veral hours’ suj)ply of broken sh:de. 
Moisl s:ui(l IS list'd to nrake a seal around the rini of (he cover The retorts are 
\ertic,il and ta])er''d, ht'ing al)out two feet in diainett'r at the toj) and three feet 
at till' bottom, and tlic shale feeds bv gravity. The taiier aids the free downward 
movi'inent of the shale, dhie upper part of the retorts are one-piece iron castings 
that average aliout, 12 feet high. It is in this part that the bulk of the oil iks- 
tills Thii vapors and permaiu'iit gases are removed under slight suction through 
a.})ip(' tiial forms a part of (he top of the casting The lower part of the retorts 
IS built, of one tier of sjiecially shaped fire brick, and averages about IS fei't high 
In tliis |)art the shale is brought to its mavimum temperature, about 1700° to 
ISOO' P , and most of the ammonia and water gas are formed, through the action 
of steam on the red-hot carbon and nitrogenous material remaining m the shale. 
Thi' shale is discharged from the retort into a sealed hopper that holds several 
hours’ output of sjient shale. Differences in the mechanical devices for con- 
tinuouslv discharging tlie spent shale are important features that distinguish the 
(hlTeivnt tvpes of these retorts Exhaust steam, about, 77)0 to 1000 pounds of 
sti'am to 2210 pounds of shale, is admitted into the hop])er holding the hot spent 
shale 'This steam serves manv purposes; -(4) to cool the shale in the bottom of 
the retort., (2) to carrv heat, frow spent shale into the retort, (3) to form waiter 
gas from the fixed carbon, (4) to form ammonia by reacting with the nitrogen in 
the shale, (5) to swi'ep the oil vapors out of the retort, and (6) to effect a better 
transfer of heat from the walls of the retort to the centi'r of the charge. 

Pour retorts are usually set together in a eommon furnace, and sixteen of these 
units of four constitute a bench, which is twm retorts wide and thirty-tw’o long. 
Tdie retorts are heated by permanent gases resulting from the destructive distilla- 

* U, S. Bureau of Mincs„ notes on Oil Shale Industry, May 1, 1919, 
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tion of the shales. Experience in Scotland has shown that a Scotch shale yield- 
ing 25 inrpcrial gallons (27 U. S. gallons) per short ton or more of oil per long ton 
of shale, will also yield enough fixed gases to heat the retorts. When the per- 
manent gases from the retorts are insulficicnt for heating, producer g[is is manu- 
factured and used. The average capacity per ilay at the present time in Scotland 
is about four long tons (four and one-half short tons) per retort. In Scotland, no 
use has ever been found, it is said, for the spent shale, and it receives no treat- 
ment after being discharged from the hoppers under the retorts, but is dumped in 
huge heaps, called spent-shale bings. The disposal of these great (luantities of 
spent shale presents considerable practical diHiculties and items of expense con- 
nected with the industry. 

Separation of Products. --The oil vapors, gases and steam from the retort 
pass into a common header and then through air-cooled, vertical condensers. 
The oil and water vapors from the condensers run into separators, where the oil 
is separatod from the ammonia water. The non-condensible gjises are jiassed 
through scrubbers in order to remove the light oils aiul ammonia and arc then used 
as fuel for heating the retorts. This gas with the gases from the oil stills con- 
stitutes a large percentage of the total fuel used at the plant. After being sepa- 
rated from the ammonia water, the crude shale oil is transferred to the cnide stills, 
where it ls separated into various fractions by distillation. The scrubber oils are 
also distilled and the light oils thus obtained are added to the corresponding prod- 
ucts from the distillation of the crude shale oil. 

The refining of shale oil is much like that of petroleum, although the opera- 
tions are more complex and more expensive. >Shale oil dilTers from crude petroleum 
in containing certain organic compounds that have a jiarticularly ba(,l odor and 
must be removed before the product is marketable. Also, shale oil is more highly 
unsaturated than petroleum and hence rciiuires more careful refining. The re- 
moval of unsaturated products and compounds having a bad odor necessitates 
several distillations and acid and alkali treatments, which increase the refining 
costs and losses. The average refining loss for shale oil in Scotland is about 25 
per cent, as compared to about 7 per cent in completely refining petroleum. The 
ammonia water obtained from the scrubber and separators is distilled and the 
ammonia obtained is passed into sulphuric acid to form ammonium sulphate. 

Yield of Products. — The shale now being retorted in Scotland yields on the 
average about 2t.5 U. S. gallons of crude oil and about 35.7 pounds of ammonium 
sulphate per short ton. The yield of gas per short ton of shale retorted varies 
somewhat, but on the average is about 0800 cubic feet; its heating value is about 
240 B.T.U. per cubic foot. 

The products (detained by refining the cnidc shale oil are as follows: motor 
spirit, illuminating oils, gas and fuel oils, lubricating oils, paraffin wax and coke. 
The yield of these different products varies and depends to a certain degree both 
on the nature of the shale and on the conditions of retorting and refining. As 
a nile, three grades of lubricating oil are made, nor.e of which is suitable for steam 
cylinders, internal combustion engines or heavy duty bearings. 

Tho following account is given of refinery operations in Scotland as 
described by Steuart * where, of course, tho industry has been on a much 
more stable and commercial basis than it is in America. However, 


* Log. cil. pp. 179-194i 
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according to recent advices ^ it is reported that the refining of oil from 
shale in Scotland is no longer profitable and that the plants will 6e used 
for the refining of Persian petroleum. 

The Refinery. — The refinery consists essentially of (1) stills for 
the repeated distillation of the oil; (2) stirring-tanks, in one set of which 
the oils arc treated with strong sulphuric acid, and in another with 
caustic soda; (3) paraffin-houses, in which the heavy oil containing 
the solid paraffin is cooled and pressed, and where there arc great 
refrigerating machines; (4) paraffin refinery; (5) stock tanks for the 
finished i)roduct; (6) filling shed with cooperage, where the products 
are filled into barrels and tanks to send to the customers; and sometimes 
(7) a candle-house to make the solid paraffin into candles; and occa- 
sionally (8) vitriol chambers to make the sulphuric acid required, and 
concentrating plant. 

The crude oil is settled from the ammonia water and shale-dust, 
and pumped up into a Ipgh charging tank, from which the oil can flow 
by gravitation into the stills. There arc heat interchangers on the top 
of the stills, so that the cold oil-feed flowing in is heated by the vapors 
distilling out, TJierc are high charging tanks behind each bench of 
stills and low tanks to receive the distillates. With every distillation, 
steam, mo^’c or less superheated, is introduced into the stills; hence 
th(Te are steam boil(‘rs at hand. Water converted into steam expands 
about 1700 times. Shale oils expand only one or two hundred times, 
and when distilled without steam a great deal of oil has to be evapor- 
ated before the vapoi’s mount up to the exit pipe. Their specific heat 
and heat of vaporization are not great, and they readily condense on 
the top of the still to fall back and be redistilled with some decom- 
position. When steam is introduced it supposcKlly cushions and pro- 
tects the gaseous molecules from decomposition, and rapidly sweeps 
th(‘m into the condenser. Furtlua-, the presence of steam lowers the 
lx)iling point of the oil in much the same way as a vacuum or reduced 
pressure. 


Refinery Operations* 

Distillations and Chemical Treatments. — The crude oil distillation 
is meant to be a destructive fine to some extent, and the steam admitted 
^ is limited. If the crude oil be treated directly with oil of vitriol and 
caustic soda the loss is very great. Or if too much steam is used in the 
distillation the loss with the treatments is great, as the steam drives the 
oil over unchanged. The distillation apparently converts tarry or resin- 

^ J. Ind. Eng. Chem. 1919, 1098, Commerce Reports 1919 (Aug.), p. 937. 

^ Steuart, ibid. 

' A 
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ous matters capable of uniting with the refining chemicals, into the 
requii’cd hydrocarbons. Steam is limited in amount when near the 
end of the second distillation also; but when the bulk of the heavy oil 
and paraffin is passing over, the proportion of stt^am is high. 

The once-distilled oil is stirred up with oil of vitriol and the black 
viscous tar settletl out. The oil is run into another tank, where it 
is treated with caustic soda, and hele another black viscous tnr is 
separated. The settk'd oil is pumped up to the charging tank of the 
next distillation. Th(‘ stirring during chemical treatment is soiiK'linn's 
done with mechanical stirrers, but more ofU'ii with air, [)umped into 
the bottom of the tanks. 

At each distillation a fractionation is made, that is to sny, the oil 
is separated into naphthas, burning oils, and heavy oils. In the crud(^ 
distillation sometimes only the naphtha or spirit is s(‘paratcd and all 
the rest distilh'd together as “green oil.” Th(‘ burning oil is left with 
the heavy oil and paraffin so a.s to k(‘(‘p the mixture liquid at a ( oni- 
parativcly low temperature for the acid tn^atnumt, othe]\\is(‘ a high 
temperatun^ would be required, and this would cause' the^ acid to attack 
the olefins. The amount of oil of vitriol used is linyted for the' same 
reason, as we'll as fe)r e'conomy. 

After the' first treatment with oil of vitried anel se)da, th^ ne'xt dis- 
tillation separates burning e)ils of varieais gravitie's and the heavy e}il 
ce)ntaining paraffin. The burning enls are distille'el again, se)me'tinu's 
repeat eelly. The oils vary in spe'cific gravity in elitfe'rent we)rks, anel 
at different times in the same works, to suit the requiremi'iits e)f the' 
marke't. 

Separation of the Solid Paraffin. — The heavy oil is cook'd in shallow 
tanks set in sheds open to the wind, and afterwarels with fre'czing 
machines. The old cooling elruins, dipping into the oil and paiaffin 
and raising a film to be' scrapeel off at the other side', are' no le)nger used, 
as the'y chill the mixture too rapidly anel {)reve'nt pj’ope'r crystallizing 
of the solid. Ammonia machine's are now always useel, se)nie beginning 
with ammonia solution, and others with dry gas liquefied by })re'ssure. 
The ammonia soliitiejn machines ce)ol a solutie)n of chle)riele of calcium 
which cannot be frozen by thc^machine, anel this chilled brine is put 
into a tank filled with alternate compartments; wider ones for the' eiil 
and paraffin and narrower ones for the brine. The oil and paraffin lie^ . 
there for hours exposed to the cold, and the solid paraffin separates e)ut 
in good crystals. In the Beilby cooler, the paraffin mass lies unelis- 
turbed until chilled to the extent required. In the Henelerson ceioler, 
a scraper goes slowly round, removing the chilled mass from the cold 
plate and letting the warmer material for\vard to the cold. Paraffin 
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is a ])ad conductor of heat, and, in the Beilby cooler, the paraffin mix- 
ture requires to he a long time and necessitates a large plant, but gives 
a better crystal. In the Henderson cooler much more can be put 
througli and yet a sufficiently good crystal is obtained. 

Tlie h('avy oil sc^j^arated from the solid paraffin is called ‘‘ blue oil,’’ 
winch is tnaifed with oil of vitriol and soda, and is distilh'd again and 
s(‘piuated into the various fractions according to the gravity required. 
Tliese, after cooling and pia'ssing from soft paraffin, and when furtlier 
tr(‘ated with oil of vitriol and carbonate of soda, are ready for the 
m;u’k(‘t. If the solid paraffin is thoroughly separated from the lubri- 
cating oil, th(' latt(‘r becomes proportionately heavi(T in gravity and 
nion' viscous, and the s(^tting f)oint is lowenal. The solid paraffins 
ar(‘ ndiiKal by a sweating proc(\ss. The sweatings ar(‘ run into receivers 
according to nudting point and color. 

The Stills. -In the distillations the bulk of the oil is distilled off 
from boiler-stills, which^arc horizontal cylinders, th(‘ charge being two 
())■ three thousand gAllons, and the r(‘sidue is run into round cast-iron- 
bottonied stills to be distilhal to dryness and coked. Th(‘ still coke of 
tlu' crud(' oil is vfiluable. Whcm the coking is in progre ss, much per- 
maiuait gas is giv^m off, viay pure, of high luminosity, and valuable for 
lighting of fiK'l. Th('S'‘ gas(‘s used to be passed into the atmosphere 
and lost; now they are all carefully utili/.ed aft(T scrubbing light spirit 
from them. 

N. M. Henderson (*onnects boiler-stills into a series, the oil flowing 
from on(‘ to anotln'r, and each giving off a distillate' of a fixenl specific 
gqivity. Tlu'v are workeal (Mintinuously, save' whem te'inpeirarily 
ste)ppe'el for ch'aning e)pe'rations. At the enel e)f the' se'rie'S is a ivsielue 
still with cas(-ire)n l)e)tte)ni, which, whe'ii charge'd, is eliscemnee^te'd anel 
aneithe'r re'siehie still is put em to the' sewie's. By this me'thoel twice as 
mue*h oil is put thre)ugh as wheai the' stills are' se't)arate, anel the elistil- 
lation is men*e perfe'ct and reniuire'S le'ss e)ve'rsight. 

In a e*rude* oil elistillaliem by the' e)lel me'the)d, naphtha passevl ove'r 
first, and was run inte) its own tank. At a ce'rtain sjM'cific gravity the 
elistillate was run inte) anotlu'r tank. The tempe'rature in the still 
gradually re)se, te)gethe'r witji the' spe'cific gravity of the' elistillate, the 
latter giving in succe'ssie)n burning e)il, internie'eliate ejil, heavy oil with 
paraffin, and at the e'lid, still gre'ase. The si)e'cifi(5 gravity hael to be 
e‘e)nstantly teste'el to fix when the mate'rials she)ulel be turneel into another 
tank. With the connecteel stills, the first always discharges naphtha, 
the se'e'onel burning ehl, the thirel inte'rmediate e)il, and the fourth he'avy 
e)il anel paraffin. There^ is considerable powe'r of adjustment to suit 
what is required. • 
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In .the manipulation with oil of vitriol, the tar from the finishing 
treatment is used to give a first treatment to the crude oil distillate. 
The tar from this oil is washed with hot water to separate the sulphuric 
acid, which is sent to the ammonia house, and the tar, neutralized 
with soda tar, is settled and burned as liquid fuel under the stills, 
being blown into spray with superheated steam. It binns like a jet 
of gas, with smokeless flame, and the cliimney gases are said to have 
no more sulphur than from coal. 

. 'Quantities of Chemicals Used. — To the crude oil distillate is added 
acid, equivalent to more than 2 per cent of oil of vitriol, the after treat- 
ments of the light oil | per cent, and the finishing treatment of burning 
oil 1 to 2 per cent, according to previous treatmc’nt, etc. The blue 
oil receives about 1 per cent of oil of vitriol and a finishing treatment 
after fractionation from 2 to about 4 per cent oil of vitriol, fl'he caustic 
soda trcatuK'nts are about- 1 per cent of solution of 60° Tw., or 1.3 sp. 
gr., except in the finishing treatiiKnit, when the'burning oils rcc(‘ivc very 
weak caustic soda, and th(‘ lubricating oils carboiiate of soda solution. 

Blue oil is treated with dry caustic soda in a still, fi’om 2 to 5 lbs. 
to 100 gallons. 

On the following page is a s<dieme of refinery operations. O.V. 
means Oil of Vitriol, and (bS. Caustic 8oda.^ 

The crude oil o}>tairie<l from shale is reported to be substantially 
a mixture of hydrocarl )ons of the paraffin and ok^fin series, with a small 
admixture of naphtlumes and aromatics. IMenibers of both the paraffin 
and olefin serii's occur in the naphthas and burning oils. 

The members of the olefin series hav(‘ a higher specific gravity 
than those of the paraffin series, and th<‘ S(‘ries with still less hydrogen 
than the olefins possess an even higher specific gravity. TIk^sc last 
are removed by sulphuric acid, Avhk*h reduces the spc'cific gravity of 
the oil remaining. The more unsaturated hydrocarbons and the sulphur 
compounds have an odor like garlic. A trace' of tli('S(' gives tln^ pene- 
trating smell to paraffin oil, and its removal, without devslroying any 
of the useful products, is the problem of the refiner. 

The .sulphuric acid used in refining combines with i)yridin(' base.s and other 
basic substances, the bulk of the phenols, thc^sulphur eom])ounds, and highly 
unsaturated hydrocarbon.s. The caustic soda solution extract.s phenols and acids. 
In the finishing treatments an effort is made to extract the last traces of the 
compounds more unsaturated than olefins, and also the sulphur compounds. Com- 
pounds are then formed which give a white emulsion with soda solution. Any 
trace of the soda sulpho-compound left in the burning oil causes a crust in the 
wick of the lamp, and care has to be taken to wash thoroughly. 


^ Steuart, loc. cU. p. 188. 
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^ The Composition and Properties of the Products of 
Manufacture 

1. The Permanent Gases of the Retorts. — These are used for fuel. 
The composition varies with the state of the retort at th(‘. tim(‘. and 
with other circumstances. Excess of nitrogen indicates, that air has 
been suckc'd in by the action of th(‘ exhauster. 



Young H(‘ill)> 

Retort 

Ilerinand Type 
(Foster) 

Ilendenson’s 
1873 Retort 

1 

llender-son’s 
N(‘w Retort, 
1001 

Hrvson 

Relort 

(Bryson) 

Liirhon dioxide and hy- 


1 



drop:en .sulphide 

20 7 

18 0 

20 0 

22 08 

Olefins 

1 () 

' . f) 0 

1 2 

1 38 

( )\\’gen .... 

ILO 

2 0 

1 0 

1 18 

( 'arbonie Oxide, UO 

i 1 1(> 

0 o’ 

7 8 

0 77 

Marsh-gas 

8 Of) 

38 1 

0 2 

3 70 

Hydrogen 

21 OS 

28 7 

38 0 

7)7) .50 

Xitrogiai 

42 0 

7 0 

10 2 

0 33 


100 0 

100 0 

ioT) 0 

lOtHlo' 


2. ^hale Naphthas an* tliin, limpid, mobih', coloiL^ss liquids, com- 
pletely volatile at ordinary tempc'ratun^s. They geiu'rally consist ap- 
proximately of GO to 70 per ceait of olehns and otln'i’ hydrocai'bons 
acted on by fuming nitiic or sulphuric acid, the rest being jn’inci])ally 
of the paraffin s(‘ries. 

Broxburn Naphtha, sp. gr. 0.735, after repeated fi'actional disfil- 
lations and treat namt with sulplmric acid und soda solution gave the 
following results: 



Range of 
4Vinperalun‘ 

Vi)Iuines 

Loss by 
Treatment , 
Volumes 

Paraffins, 

Per eent 

Ok'tins, etc 

1. 

20 to C 

4,000 - 

2,800 

30 

70 

2. 

37 “ 4.) “ . . . 

r),(K)0 

3,2(K) /*■ 

3f) 

04 

3 ' 

4.") 7)8 “ . . 

2,275 

1.225 

40 

.54 

4. 

.58 “ 6.5 “ . . . 

9.300 

.5,127) 

45 

55 

5. 

05 “ 07 “ . . 

4,000 

2,000 

47 

53 

6 . 

07 “ 09 “ 

14,200 

7,200 

.50 

50 

7. 

00 “ 72 “ .... 

10,110 

5,100 

49 

51 


1 Stcuart, ihidj p. 
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In the oil from tlu^ Henderson 1873 retort, there was often ^o ben- 
zene, but in the oil from th(^ existing retorts the benzene scries is dis- 
tinctly represented. In Broxburn Naphtha, sp. gr. 0.735, the fractions 
boiling between 55° and 75° C. gave 2.6 per cent benzene, and the frac- 
tion 100° to 105° C. gave 2.5 per cent toluene. The members of this 
series were friimd to distill at temperatures under their true boiling 
points. And, where they were expected, fractions sometimes showed 
no trace of them. The naphthenes mcthyl-tetramethylene, penta- 
inethylene, and h(‘xam('thylene were present in distinct (luantities.h 

Friedrich Heusler has examined th(^ fraction of Scottish paraffin 
oil boiling Ix'low 110° C. (naphtha or spirit), and found paraffins 42 per 
cent; naphthenc'S 10 per cent; aromatic hydrocarbons 7.3 per cent; 
oh'tins 39 pin* cent. He prov(‘d the presence of benzene', toluene, 
metaxylene, and cume'ne, and the absence of naphthalene. The cor- 
responding figure's h*e obtaine'd for Saxon lignite' — of vege'table origin — 
we'ie: -paraffins 16, iraphthenes 4, aromatic hydrocarbons 45, and 
oledins 31 ])e‘r cemt. • 

3. The b((nu'N(j or latnp oils are transparent, nearly colorless, thin 
liepiiels, having bnth the' paraffin anel olefin series in large proportion. 
The're' arc 30 to 40 per ce'nt of unsaturateel hydrocarbons that can be 
takem out*with fuming sul|)huric acid. 

L The iKbricoling oils are^ transparent, yellow-colore'el, bright 
liejuids with ceinside'rable visceisity. For oils from the same senirce, 
the viscosity varies with the spe'cific gravity; but fen* oils from different 
source's the spe'cific gi*avity is no measure for the viscosity, as the lower 
gravity eif oil may have the higher viscosity. They are to a large 
extent eile'fins, but mixeel with liquid paraffins. 

5. The solid poroffliis are colorless, tasteless, odorless bodies, composed of 
saturated hydrocarbons. They are able to resist the action of the strongest chemi- 
cals, \^hic,h makes them useful for many purposes. 'Fhev are good insulators. 
They are somewhat plastics for a good many degrees below their melting points, 
and lienee low melting point candles sometimes liend with their own weight in 
hot \\eather. 'rh(‘ flashing point of wax of m. pt 128° F. (filUCt) is 87r)°F. 
(190° (t). Heated in a bath in air the vapors do not ignite spontaneously at 
020° F. (827° C ). 

The following tabh' gives the properties of average samples of the 
usual products: 

^ B. Stcuait, Jour. Soc, Chein. Ind. XIX, p. 986. 
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Sp. Gr. 

Motor Spirit 

.71.')] 

Spirit of Naplitha 

.735 

“ “ 

.740 

Special Oil, or Water-white Oil . 

7S.5 

Cryatal Oil 

800 

No% 1 Hurning Oil 

805 

Lighthoubc Oil 

810 

Mineral or Marine Sperm . . 

830 

Mineral Colza 

840 

tias Oil 

855 

Gas Oil, Grease Oil, Cleaning Oil 

870 

Lubricating Oil , . . 

8()5 


.875 

- 

8,8.5 



890 





Tint, 



Flash 

Point 

No 500 glass 

Boiling Point 


Range 

Lovibond, 


Range 




2-inch Cell 




Lowest 

Colorless 

120° 

F -3()0° F. 

TemperatuVea 


140 

180 

“ 320 “ 

" 380 “ 

10G° F.- 

-120® F 


310 

“ 500 “ 

115 

“ 

125 " 

0 5 

340 

“ .575 “ 

no 


1.35 “ 

0 75 

310 

“ .580 “ 

145 


100 “ 

1 0 

300 

“ 573 “ 

200 


230 “ 

2 0 

450 

“ 075 “ 

220 


240 “ 

5 

500 

“ 700 “ 

200 


230 “ 


4.50 

“ 710 “ 

275 


300 “ 


500 

“ 720 “ 

275 

“ 

.300 " 

15 

575 

.. 

300 


310 “ 

IS 

575 

" 800 “ 




i-inch Cell 



320 

" 

310 ‘‘ 

15 

650 

“ 870 “ 

330 


3.50 " 

10, 

720 

“ 875 “ 


Viscosity by 
a certain 
Pipette 


44 seconds 
47 “ 

70 


In determining the flashing point the Ai)(‘l apparatus is used; the 
whole apparatus for tlie lower flashing burning oils, and the cup of it 
for heavy oils. Tlic tint is taken by different methods. The method 
of taking the boiling range most recognized is that of Engler. The 
viscosity or body is generally taken with a pipette, each company 
having its own standard tube. Th(‘re ar(' viscosimeters by Redwood 
and by Engler that are used as standards of reference. 

The boiling range of oils is set forth in the annexed table; 



Lub Oil 
890/5 

I.ub Oil 
885/90 

Lub. Oil 
805 

Oil 

810 

Oil 

8.30 




Temp 

Sp Gr 

Temp 

Sp. Gr 

3>mp 

Sp (a 

Temp 

Sp Gr 

I'c'inp 

Sp Gr. 

First drop over 


725° F 


075° F 


,575° F 


1.50° F 


.500° F 


Ist 10 per cent over 

745 * 

880 

705 ” 

878 

000 “ 

850 

500 “ 

800 

510 “ 

818 

2nd 10 



745 " 

888 

715 " 

880 

005 “ 

857 

.5,30 “ 

82.3 

515 “ 

821 

,3rd 10 



7.50 " 

889 

720 “ 

882 

010 •* 

858 

,54.5 “ 

829 

.520 " 

.824 

4th 10 



700 “ 

891 

7.30» “ 

881 

015 “ 

800 

.500 “ 

830 

.5.30 “ 

.820 

5th 10 



770 " 

895 

740 “ 

887 

020 .V 

801 

.570 “ 

839 

.540 " 

829 

Gth 10 



780 " 

898 

7.55 '• 

890 

030 " 

803 

.585 “ 

813 

.550 " 

830 

7th 10 



790 “ 

901 

775 “ 

893 

635 “ 

801 

005 " 

847 

.505 “ 

8.31 

8th 10 



805 •• 

901 

795 •• 

898 

0.50 “ 

808 

0.30 “ 

8.52 

585 " 

8.32 

9th 10 



820 " 

907 

830 “ 

904 

070 '• 

872 

000 “ 

8.50 

015 " 

834 

(95 



830 “ 


840 “ 


080 “ 


075 " 


030 " 


(97.5 



8.50 " 


8.50 " 


095 


090 “ 


645 “ 


10th 10 



875 " 

919 

880 " 

912 

1 

710 “ 

879 

700 “ 

.803 

075 “ 

.841 
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Ten thousand fluid grains were distilled from a copper flask, and 
the distillate was collected in 10 per cent fractions and the sp. gr. of 
each fraction taken. 

The Uses of the Products of Manufacture 

» 

Naphtha, or spirit, completely volatile at ordinary temperatures, possesses dif- 
ferent s[)ecilic gravities and boiling points according to reciuirements — 0 GtiO for 
gasoline, for instance, and 0.700 to 0.720 for motor spirit Ordinary naphthjis, 
0 725 to 0.745, are largely used for lighting purpo.seii in special lamps in works 
shops, shipbuilding yards, etc.; and, for solvent purposes, in dissolving india- 
rubber, for water-proofing, and removing grease from clothes, for dissolving gums 
and resins, wool-washing, paint-mixing, in the preparation of varnishes and of 
:ilkaloids, extraction of oils and fats, in linoleum making, and largely also for refin- 
ing paraffin wax. It has been employed for freezing machines, and also as a local 
aniesthetic. 

Burning oils are used for lamps of many forms, sp. gr. varying from ().7S5 to 
()S;]0, and flashing point fffun 105° F. (40° C.) to 230° F. (110°('!.). Scottish oils 
have been free from l! 4 mp-acci(lent fatalities since their manufacture over sixty 
\ears ago. The special, or water- white oil (sp. gr. 0 785), is serviceable for con- 
limious burning lamps for buoys, lightships, etc., \Nhich can be retrimmed only at 
long mtiTvals, from a week to a month. These burning oils are also utihzial for 
combustion in oil engines. Lighthouse oil is specially safe for light-houses Marine 
spi'rm IS einfiloyed on board ships, with lamps slightly modified to suit the heavier 
oil, and it iloes not give off vapor that can ignite until much above the boiling 
point of water. Mineral colza (sp. gr. 0 840) is used also with special lamps. 

Inter media Ui oils (sp. gr. 0 840 to 0 870) are used for gius making. They arc 
very jiure, reipiire no refining for the gas, and are employed where gas lime is 
ol)j(‘ctionable. They produce gas of high illuminating power, and they are largely 
used for enriching coal or water gas. Oil-gas, compres.sed, is used for lighting 
railway carriages. Safe itself under pressure, it has also the power of rendering 
acetylene safe Acetylene is very rich in light-giving power, but is bv itself 
explosive, so that it may not be stored under greater pressure than 3 fi lbs. per 
s(piare inch. If one jiart of acetylene be mixed with four parts of oil-g;us, the 
Home Office Regulations allow pressures up to 150 lbs. per .square inch. Inler- 
mr-diate oils are employed for combustion in oil engines. Considerable quanti- 
ties rcpoited to be used liS fuel by the British Navy. 

Mineral oils of all kinds, but chiefly the intermediate oils, are used for clean- 
ing purjioses, for removing rust from iron, and gummy matter which collects on 
machinery bearings when vegetable or animal ^jils are used as lubricants, etc In- 
termediate oils are also employ^l for grease making. In the tropics heavy min- 
imal oils are effective for protecting wood work from the white ants (termites). 

Lubricating oils are made with sp. gr. varying from 0 865 to 0 910, and are 
used either alone or mixed with vegetable or animal oil. Mineral oil pr(;vents 
vegetable or animal oil from undergoing siiontaneous combustion on cotton waste, 
etc , and thus greatly increases the safety of the.se fatty oils for employment in 
mills (Calletly). Shale lubricating oils do not decrease .so rapidly in vi.scosity by 
heating as some other mineral lubricating oils. Some companies produce cylinder 
oils. 
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Still grease is the amorphous distillate from the end of the crude oil or heavy 
oil distillations, and is employed for grease making. 

Still coke, which is the residue left in the still on distilhiig crude oil to dryness, 
is used as a fuel. 

The costs of refining shale oil in Scotland, given heri'with,^ are for 
the year 1919 and are not necessarily applicable to American conditions 
and American shale oils. Refining crude shale oil in one of the larg(‘st 
works in Scotland, manufacturing the following products, ('xelusive of 
plant depreciation and packing and shipment of pioduets, costs ap- 
proximately Sl-Oo per barrel of 42 U. S. gallons. 

Products marie are: 

Naphtha (including scrubber naphtha) . . . 9 9 (450° F. end point) 

Burning od . , 24 7 s', 

Chis and Fuel Oil 2t.4% 

lAibricating Oil . (3 0 -’o 

Wax >9 5 % 

Loss (including still coke 2 %) 24 9 

100 . 0 % 

Attention is called to the high nTining loss and to the fact that the 
lubricating oils, by nnisoii of their low viscosity, command a con- 
siderably lower price than lubricants made from petrohnmV. 

Morrell and Egloff ^ have determined that the percentage of unsatu- 
rated bodies in the distillation fractions of shale oil showc'd two maxima 
and one minimum. The first 10 per cent eontaiiK'd 32 per cent, the 
20-30 per cent fraction 24 per cent, and the 80 90 per (*ent fraction 
the high value of 50 per cent unsaturated. 8mall percentages of ben- 
zene, toluene and xylene were found in tin* oils examined. Phenol, 
0 - and m-cresol, xylenols and guaiacol eomprisi' the list of phenols so 
far identified in shale oil. Pyrrole, pyi’idin(‘, picoliiK', lutidine and 
parvoline have been identified also. The shale-oil industry of Fi’ance 
and that of New South Wales have, it is said, decliiu'd or failed to ad- 
vance. The average yield of oil from United State's shales is stated 
to be about 20 gallons per ton. The naphtha fraction of nine' samples 
was found to be 10 per cent. /This product is reported to be unsuitable 
for use in gasoline engines and cannot be refined by the usual sulphuric 
acid-caustic soda process. It is contended that Scotland has averaged 
less than 1 per cent marketable gasoline from her shah' oil during the 
last fifty years. It is also maintained that United States shale oil 
will certainly yield very much less than 10 per cent marketable gaso- 
line. Morrell and Egloff are convinced that oil shales will be of great 

* U. vS. Bureau of Mines, Notes on Oil Shale Industry, May 1, 1919. 

* Chem. Abs. 1918, 1924; Chem. Met. Eng! (1918) 19, 90-6. 
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economic importiiiice in years to come but express the belief that (1918) 
tlu' pi-oblems of the future industry are largely unsolved. 

This discussion does not appear to take into consideration the possibilities of 
hlendmii; sliale naphtha with “ straight distilled ” petroleum naphtha, or with benzol 
and alcohol, or with easing head or natural gas naphtha so as to reduce the per cent 
of unsaturatetl, material to a suitable degree. (Authors.) 

Roy Cross ^ holds the opinion that shale oil will not make a satis- 
factory gasoline without excessive refining losses, and that it is com- 
miMcially adajited for fuel and illuminating pur[)oses only. The only 
sucei'ssful shale opca-ations, it is said, an* now in Scotland, where less 
than two million liarrels of shale oil w(Te produced in 1916 by six com- 
j)anies. Cross’ obsc^rvations indicate that average good shale which 
will b(‘ available in Colorado will yield 54 gallons of oil per ton, which 
h(‘ b(‘li(‘V('s alone will not 1)0 profitable, but a ton of shah' will also yield 
31 pounds of (NH 4 ) 2 SOi, which will make the industry attractive. 
Th('r(‘ may be expected^ it is said, from the commercial exploitation of 
Colorado shale, the lollowing: 


Proceeds p(ir ton 

1918 

1913 

51 gal. oil (405 Ib ) 

$2 70 

$1.00 

31 lb. (N 114 ) 2^04 

2 4() 

1 09 


.15 16 

$24)9 


(’osts p('r ton ar(' ealculatc'd to be $4.34 for 1918 and $3.16 for 1913. 
It is maiiitaiiK'd by Cross that there is little prospect that shale oil will 
r('plac(‘ |)(‘trol('uni in th(' near future for any uses but as fuel. 

E. W. Thurlow ^ proiioses obtaining motor find from shale by mixing 
the latt(‘r in the form of powder into material which yields carbon dioxide 
wh(‘n heated, such as limostcnu', dolomite, carbonate of magnesium, 
or barium carbonate, together with finely dividtnl iron and subjecting 
the wh()l(‘ to destructive', distillation in a retort at temperatures ranging 
up* to S()()° C. (1472° E.) until the evolution of vapors ceases. The 
te'inperature is then ima’eased beyond 800° (’. (1472° F.) and water in 
the form of a fine mist or jet is injected into the' lower part of the retort. 
The finely divided metal is intended to rea(‘t with the steam for the 
f)roduction of hydrogen during the inifial or destructive distillation; 
the evolution of carbon dioxTfle according to Thurlow assists in removing 
condensible hydrocarbons from the zone of decomposition. 

Van H. Manning has recently pointed out that a large part of our 
native oil supply remains associated with oil sands and is not brought 
to the surface. Consequently according to Manning a problem which 

1 Chom. Abs. 1918, 762; Nat. Pet. News, 1918, 10, Jan. 16, 42-46. 

2 U. S. Patent 1,343,100, June 8, 1920. 
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demands serious attention is the recovery of the oil which is held by 
the oil sands. 

Navin ^ proposes to extract oil from oil sands or shale by agitating 
these materials in a finely divided state with a mixture or emulsion of 
solvent oil, as for example gasoline, kerosene and the like, and water. 
Although this process might be applicable to oil sands, it is difficult 
to see how it could be applied to the extracting of oil from shale in com- 
mercial quantities since, as is well known, shale will yield only an 
extremely small quantity of oil even when extracted with such a powerful 
solvent as carbon bisulphide. 

W. Forbes-Leslie ~ discusses tiie geographical, geological, and historical de- 
tails of the English shale fields, and states that in the lower layers of the Nor- 
folk shale the presence of resinous substances can be detected by the microscope. 
When cnished to 30-mesh size the specific gravity of the Norfolk shale is l.r).5. 
When shaken with ether the shale yields one per cent of oil; carbon bisulphide 
extracts only 0.25 per cent. The oil also exudes when the shale is wet. In three 
specimens the volatile organic matter varied from 31.7 to 35.1 per cent, the ash 
from 30.S to 40.8 and the moisture from 4 per cent to 10 cent. The inorganic 
matter has also been determined in both the original and the spent shale. The 
sulphur content varies from 4 3 to 7.8 per cent and much of- thus remains in the 
spent shale. The yellowish-black mobile oil h;\s specific gravity 0.042 to 0.060, 
'fhe yield is 40 gallons to the ton, together with 00 j)ounds of ammonium sulphate 
and 25, (XX) cubic feet of dry gas. The oil yields a considerable quantity of motor 
spirit, 3 to 4 per cent of phenols, and a similar amount of benzene and toluene. 
A large proportion of the oil distills from the shale below 3{X)° 0. (572° F.). Labo- 
ratory experiments show that the sulphur in the oil can be reduced to below 3 per 
cent while it seems that some oils containing as much as 4 per cent of sulphur (!an 
be used in internal combustion engines. Calculations based on the extent and 
thickness of the Dorset and Norfolk shale beds indicate very considerable additions 
to the oil resijurces of the United Kingdom. 

In Germany, prior to the outbreak of war, shale was worked in the 
Rhine provinces and near Keiitlingen, but only one company was oc- 
cupied in producing paraffin and mineral oils. From the bituminous 
shale which occurs near Messcl (yielding 40 to 45 per cent water, G to 
10 per cent tar, and 40 to 50 per cent residues) the following yields per 
ton of shale are obtained: 135 liters of crude oil, together with 295 
liters of ammonia water and 59 cubic meters gas, which is burnt as fuel 
in gas engines or under the vertical retorts Wnich are employed. During 
the war oil-shale deposits in South and North Germany have been 
investigated in regard to their yield, but the results have not yet been 
published.^ 

1 II. S. Patent 1 312,260, August 5, 1910. 

2 J.S.C.I. 1917, 204; J. Inst. Petrol. Tech. 1916, 3, 3-35. 

* Z. d. Ver, deut. Ingen., July 19, 1919; J. S. C. 1. 1919, 378R. 
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Bituminous shales are found in France near Autun. Petoeuf ^ 
notes that formerly the distillation was carried on in vertical retorts, 
1000 kilograms of shale yielding 50 liters of crude oil and 5 kilograms 
of ammonium sulphate. The oil is a mixture of hydrocarbons, es- 
pecially of the ethylene series, some aromatics, chiefly phenol deriva- 
tives, sulphur compounds, and paraffin. The Scotch method is now 
used. Retorts are 15 meters high, of refractory material in the lower 
part and cast iron in the upper part. They arc heated to redness below 
end to 400° (k above. 135 liters of tarry oil are collected and -this, 
on redistillation, yields 65 to 75 per cent crude oil. The gas is washed 
with heavy oil to remove spirit, and with water to reclaim ammonia 
not already collected with the tar. It is redistilled and washed suc- 
cessively with sulphuric acid, caustic soda solution and water. The 
yield on refining is 5 per cent of a spirit of gravity 0.730 to 0.750. 

The following list of processes for handlinf!; sliale ^ is given* 

Bishop Process. Jame.s**^V. Bishop, l.'32() North Liusalle Sln'ot, (diicago, Illinois. 
Bronder Process. William F. Mohr, dlark, Long & Company, oO Ivust Forty- 
second Street, New York, N. Y. 

Catlin Process, li. M. Catlin, Franklin Furnace, N J. 

Chew Process. li. F. Chew, Denver, Colorado. 

Crane Process. Crane Shale (kirporation, Idko, Nevada. 

Day-Reed Process. David T. Day, 713 Nineteenth Street, N, W'., Washington, 
D. C. 

Del Monte Process. C. A. Provost,, American Representative, Room S14, South- 
ern Building, W^ashington, D. C. 

Erickson Process. Rainbow Petroleum Products Co, Salt Lake City, Utah. 

J. H. Galloupe Process. J. R. Calloupe, 1101 Ninet(‘enth Street, Denver. Colorado 
Greene-Laucks Process. F. C. Greene, The Denver C-oal By-Produ(‘ts Company, 
Denver, (Colorado. 

J. B. Jenson Education Process. C. B. Stewart, SOO Meintvre Building, Salt 
Lake City, Utah. 

Pearse Process. Arthur L. Pearse & Co., ,50 East Forty-second St , New York, 
N. Y. 

Pumpherston or “Scotch” Process, Glasgow, Scotland. 

Scott Process. Detroit Testing Laboratory, 074 Woodward Ave., Detroit, Mich. 
Simpson Process. Louis Simpson, 172 O’Connor Strc'et, Ottawa, Canada. 
Stalmann Process. Otto Stalmann, Salt T^ake (4ty, Utah, or I’etroleum Engineer- 
ing Co., 217 Dwight Building, Kansas Citv, M<i. 

Wallace Process. George \\». Wallace, Consulting Engineer, Wallace Coke, Oil 
and By-Products Co., East St. Louis, Illinois. 

Wingett Process. The American Shale Refining Ckj., 031 First National Bank 
Building, Denver, Colorado. 

Products and By-Products: 

Prichard Process. Dr. Thomas W. Prichard, (‘hemists’ Club, 52 East Forty- 
first St., New York City. 

^ Industrie chimiqiic, 1040, 0, 5-7, 35-3H; Chem. Abs. 1920, 313. 

2 Winchester, Chemical Age, 1019, 121. 



CHAPTER XXVII 

THE PYROGENETIC TREAXkENT OF ASPHALTS 


Speaking in a general way, the cracking of asphalts to yi('kl useful 
distillates holds, with few exceptions, for the purpose of obtaining motor 
fuel, little economic or technical interest at the i)resent lime, at least 
in this country. The largest deposit of natural asphalt in (*xistenc(‘, 
that at Trinidad, is too valuable as raw material for paving purpose's 
and other industrial uses, in order to be of interest from a pyjoge'iietic 
point of view. Moreover it contains fiiu'ly divideel mineral matte'r or 
clay, which exists in a colloidal condition in the mass of bitumen. 

The Venezuelan (h'posits contain less e^lay, but they, too, ai’(‘ of very 
considerable value, as such, in the many industrial uses whicih aw, found 
for refined and t)roperly manipulated asphalt.. Thq same condition 
exists with n^gard to the artificial asphalts t)roduced from reduec'd 
asphaltic crude oils. 

All of these materials may be mad(‘ to yield v('ry intcM’esting dis- 
tillates when distilled destructively, or cracked: distillat(‘s which are 
highly unsaturated, and which may be used for a variety of purposes, 
e.g., solvent oils and oth(‘r applications. 

Nevertheless, with the past condition of natural resources as r(‘- 
gards supplies of petroleum, there has been little need or incentive 
to turn to asphalts as sources of hydrocarbon oils, (lilsonite stands 
rather apart from other asphalts in this respect. It has very valuable 
properties as an asphalt, but the products which it yi(dds on d('struc- 
tive distillation an' Ix'lieved to warrant, for economic reasons, its tr(‘at-. 
mentin this way. It is, therefon*, probably the most important asphalt, 
considered as a commercial source of naphtha and higlu'r boiling oils. 

One of the authors of this treatise has d(*voted consideivable atten- 
tion in the past, to the destructive distillation of asphalts, particularly 
gilsonite, for the purpose of developing industrial uses for the distillates 
obtained. The proportion of unsaturated hydrocarbons in distillates 
from asphalts and pyro-asphalts is generally very much greater than is 
to be found in crude oil distillates, particularly of the paraffin and 
semi-paraffin type. The property of asphalt distillates of containing a 
high percentage of unsaturated hydrocarbons causes them to resemble 
in this respect the distillates obtained from shale, although it is not 
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meant to imply that the raw materials are similar in constitution and 
composition. It is, however, believed that the large proportion of 
Inactive, imsaturated hydrocarbons in asphalt distillates as well as in 
shale oil offers very great possibilities for the establishment of a chemical 
industry, the object of which would be the transformation of the un- 
saturated hyrJrocarbons into more valuable products by means of chemi- 
cal leagents in a manner analogous to the transformation of coal tar 
distillates. 

( )ne advantage which asphalts possess over shale, as sources of liquid 
and gaseous fuel, is the fact that asphalts in general possess a much 
highei- proportion of oil-yi(dding material than is the case with shale. 
Utah gilsonite, for example, is almost pure bitumen, and the residue 
from its destructive distillation is coke practically free from natural 
miiu'ral matter. At the present time gasoline as free as possible from 
unsat mated hydrocarbons appears to be desired, although it is realizcal 
that unsaturated hy(i?ocarbons in gasoline possess certain (pialities 
\vlii(*Ii render their 4 )resence advantageous. It is tlKU'ofore suggested 
that a possible method for eking out a diminishing sui)])ly of gasoline 
might be to obtJMu the latter by th(' destructive distillation of asphalt 
and l)1cnd the unsaturated naphtha so obtained with more saturated 
naphtha obtaiiual from petroleum. 

W. J. A. Butterfield ^ discusses the possible' sources of supply of 
motoi’ fuel within the British Emjnre, including asphalt. Very little 
crude petroleum, it is stab'd, is availabh', and tlu' chief sources are oil 
sliah' and bituminous coal or cannel. Motor spirit could b(' obtained 
jiccording to Butt erfield, by cracking the native', (asphalt) residues in 
('anada, the East Tndie'S, and Egypt. 

Everett Smith ^ distills asphalt by pla<*ing the material in a very 
thin layer (4-()" thick) in a long, wide and shallow retort and subjecting 
the Latter to a temperature of about 800° F. (427° C.) until no more 
distillate is obtaimxl. 

Kharickov * considers the natural asphalts Jis primary products, and that the 
crude ])etroleuins in nature are not produced by high heat and raf)id decomposi- 
tion, but by very slow and sjiontaneous decomposition of the asphalts. 'Fhe de- 
composition products of natural asphalts as decomposed in the laboratory showed, 
it is stated, in (quality and quantity of fractions, much resemblance to petroleum 
products. The fractions from 150° to 270° C. (302°-5lS° F.) after rehning with sul- 
phuric, acid and caustic soda were stated to be very similar to light oil. The 
residue was like masut (still residue obtained in distilling Russian petroleum). 

^ J S. (\ I. 1013, SIO, 416; Times Eng. Suppl. July 23, 1013. 

^ Ehem. Abs. 1000, 23S0; British Patent 27,335, Dec. 11, 1007. 

3 (diem. Abs. 1910, 248; Gorny J. May (1909); through Chem. Rev. Fett — 
Harz-Ind. 11, 279. . 
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IQiarichov ^ observTS that a Syrian asphalt containing no sulphur 
and 1.2 per cent nitrogen of density 1.104 at 15° C^. (59° F.) on dry 
distillation [between 300° and 3(50° C.] (572° and 680° F.) gave 4.8 per 
cent water (containing anmionia) 45.9 per cent liquid distillate of 
density 0.8683 at 15° C. (59° F)., 43.5 per cent of coke and 6.3 per 
cent gas and loss. The liquid distillate was dark, reseuxbling crude 
petroleum. On fractional distillation it giivc. 

0-80°C. ( (>-17(FF.) 2.0 percent 
87°-100° C. (189-212*’ F.) 5 1(5 i)er cent 
100^-1.50^ C. (212-302'’ F.) 0.42 per cent 
l.'')0”-220° C. (302-428*^ V ) 20.50 per c(‘nt 
220"-270‘’ C. (128-518*’ F.) 17.48 per cent 


Residue 48.08 i^er cent 

Loss 0.03 


99.63 

F. B. Deakin ^ distills crude petroleum, gas oil, residuals of petroleum 
or asphalt, for tlu; production of lighter hydi‘ocar])ons and cools the 
upper jiart of the retort by the controlled application of water in ord(^r 
to condense the high-boiling const itu(‘nts of the vapors while* allowing 
the lighter fractions to escape to the condenser. The* r(*tort is cool(*d 
by applying a spray of lieiuid to the^ outside*, e)r by internal me*ans sue!h 
as cooling tubes. A cooling tank surrounels the* vai)e)r outle*t pipe 
which is inclined upwarels. The coke* which is fe)rincd is maintained 
in suspensie)n by a scraper. The heavier e*e}nstituents of the liquid 
are reme)veel by a pipe communicating with a cham])e]‘ in the rete)rt 
which is closed at the top anel open at the bottom; the retoi’t is heated 
by the combustion e)f the oils so withdrawn. To pre*ve'nt the trans- 
mission of heat to the upper pe)rtion e)f the retort, the lower and upper 
walls are separated by sheets of asbestos. 

A. Rollason ^ holds the view that in the carbonization or distillation 
of coals, cann(*ls and shales whose organic constituents contain a 
relatively large proportion of oxygen, this oxygcai exerts an oxidiz- 
ing action during the distillation, combines for the most piirt with 
hydrogen and piisses off in th6 form of water. In other words, the 
presence of a high p(*rcentage of oxygen in the bituminous matter is 
said to diminish greatly the yield of hydrocarbon distillates, for example, 
oils of the benzol series, in that the oxygen unites (to form water) with 
much of the hydrogen that would otherwise appear as light hydrocarbon 


* Chem. Ahs. 1910, 12.35; Revue p^'trolc; through Oesterr. Chem. Ltg. 27,190. 
2 Chem. Abs. 1917, .3427; British Patent 108,946, Aug. 16, 1916. 

* British Patent 19,697, Sept. 1, 1913. 
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distillates. It is sought to overcome this disadvantage by grinding 
the coal or shale and mixing it, previous to distillation, with* a pro- 
poiHoii of limestone proportionate to the oxygen content of the bitumen, 
for example, 3 to 5 per cent of limestone to coal containing 8 to 13^ per 
cent of oxyg(m. The carbon dioxide evolved by the limestone during 
heating is ctiiimed to prevent very largely (by dilution) the union of 
oxygen and hydrogen to form Water. 

The large de]wsits of gilsonite in Utah appear to offer a source of 
naphtha, iDarticularly varnish makers^ and painters' naphtha and 
turpentine; substitutes. It may be said that the iiaiditha obtained is 
the product of a cracking operation sinee^ it is not contained as such 
in the original material. Nevertheless, when refined, it is free from 
objectionable odor and es])ecially suited for solvent purposes. It is 
believed to contain a considerable proportion of hydroaromatic hydro- 
carl )0 ns. 

On the basis of tl\i.vexperiencc of one of the authors it may be said 
that about 10 per ci^nt of naphtha, based on the raw material (boiling 
0° to 100° F. (204° 0.)) may bo obtained l)y destructively distilling the 
original gilsonite* and fractional ing this distillate, and it is believed 
that this amount can be increas(‘d by cracking heavier distillates. 
This naphtha is iH'lieved to contain repr('S(‘ntativ(‘S of the GnH^n and 
Grtlkm-o series of hydrocarbons. It rc'sembles in the constitutions of 
a part of its constituents the terpene or GnlTon -4 series. Although it 
is largely unsaturated, it possessc's, after simj)le refining, a very good 
odor. In several resp(;cts the propcrti(‘S arc analogous to those of ter- 
[)ene hydrocarbons. A portion of this naphtha can be easily condensed 
by means of nitric acid and other condensing agents,^ according to 
Forrest and Meigs, into resinous bodies which bhaid well with pyroxylin. 
In this respect, also, the portion of the naphtha which condenses 
resembles turpentine. Indeed, during treatmemt with nitric acid, an 
b(k)r of pinene is evolved. The distillation of the gilsonite itself offers 
no more difficulties than the distillation of crud(' oil and can readily be 
accomplished in an ordinary coking still. From 25 to 30 per cent of 
(H)ke and in the neighborhood of 10 per cent of gas is obtained, the 
rest being liquid distillate. The originTil material is practically pure 
bitumen. It breaks down very readily on the application of heat, at 
at mospheric pressure. Moreover, the intermediate burning oil fractions 
are also very susceptible to cracking to yield naphtha. The fact that 
the original gilsonite is so nearly pure hydrocarbon renders it com- 
mercially feasible to transport the material a considerable distance from 
its source to refineries. Sufficient gas, largely methane, is produced 
1 Chem. Abs. 1919, 2a40; U. S. Patent 1.305.790, June 3, 1919. 
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during the distillation, to provide the necessary fuel. A considerable 
amount of ammonia is also obtained. 

C. F. Mabery ^ states that sample's of bituminous (Deerfie'ld) coal, 
gilsonite, and grahaniite have the following proximate' ce)mposi(ion: 



Gilsonite 

Grahaniite " 

Goal 

Vnlatik' matter 

r" 

.50 0 

44 52 

3S 13 

Fixed eaiboii 

44 0 

3S <)9 

5S.20 

Ash 


5.51 

2 31 

Sulphur 

0 02 

2 07 

0 f)0 

Nitroj^en 

1 . 05 


0 05 






The bituniin( 3 us ce)al, when elistilk'd in vaciie) in an ele'ctrically heate'd 
iron still, yieldeel 5.6 pe'r cent of distillate', consisting largely of a 
number of hydrocarbems which closely reseml)led those forming the 
larger part of the aeljacent ]\Iahe)ne pedroleum. No hydrocarbons e)f 
the se'i’ies C,iH 2 ;i -2 were femnd in the coal distillates, but were present 
in the [)etroleHmi, while hydrocarbe)ns of the' se'iie's (nHon, which arc 
generally pivsent in petroleum, although not in IMahone' peti’e^le'um, 
we're constituents of the coal elistillates. The sample of gilse)nite 
(from Utah) yieleled from 50 to 5() pei* cent of distillate containing 
hydrocarbons of the series UJUn anel U,iH 2 n- 2 , which ix'se'inble'd 
the same hydrocarbons in petroleum, anel also a serie's of imsaturated 
hyelrocarbons, which readily absorbed ox>'gen and became of a dark 
color. The eleep color e)f cruele petre)leums is said probably to be^ due 
to absorption of oxygen by similar unsat urate'd hyelrocarbons such as 
nonylene founel by Mabery anel Quayle in Canadian petroleum. 
Most varieties of petroleum contain small pre)portie)ns of thc'se hyelrp- 
carbons, which have a pecediar oelor, anel can be readily extracted with 
sulphuric acid. The sample of grahainite resembleel the Ijiturninous 
coal in appearance. When distilled unele*r reduceel f)ressure' of 20 imn. 
it yielded 13.5 per cent of distillate with specific gravity 0.85 at 20° C. 
(68° F.), which had an odor re'sembling that of petrole'um distillates. 
It contained a series of hydrocarbons cle)sely resembling those obtained 
from gilsonite, suggesting a common origin. The large proportion of 
nitrogen compounds present in gilsonite, however, indicates that it 
stands in closer I’elationship to petroleum than does gr’ahamite, which 
only contains a trace of nitrogen bases. 

1 J. S. C. 1. 1917, 1123; J. Amer. Chem. 8o(v 1017, 30, 2015-2037. 
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Mabery ^ believes that it is improbable that the distillate obtained 
from gilsonite at atmosplieric pressure contains members of the series 
CrtIl 2 n + 2 lower than the solid paraffins. In the distillates refined 
with sulphuric acid and soda, Mabery ^ has found hydrocarbons of the 
furmuliB Cnn 2 n i^od C,^H 2 n -2 rcspectivcly, which latter may be 
cyclic unsaturated hydrocarbons^. In the oils soluble in sulphuric acid 
hydrocarbons of the series were found (undoubtedly olefins). 

Mabery has therefore found hydrocarbons of the CnHo^ series in both 
lh(i acid n'fined oils and also in those oils solubh' in sulphuric acid. • 

Mabery ^ obtaiiu^d on the laboratory scale a maximum yield of 56 per 
cent under reduccnl pressure of distillate from gilsonite. 

Bardwell, Berryman, Brighton, and Kuhre * state that in 1910 the 
production of gilsonite was 30,000 tons; in 1912, over 50,000 tons, 
worth about $20.00 a ton (f.o.b. Utah). These writers have studied 
th(^ ()(a!urrenc(‘, properties and uses of the asphalts of Utah and state 
that gilsonite, tabbyi^’e, wurtzilite, ozokerite and rock asphalt are all 
found in (quantity. 

P;)rd\v(‘ll and his co-workors have distilled the above asphalts at atmospheric 
pressure and have eomjiared the results obtained with tliosi' obtained in a similar 
mannei; wiUi Trinidad and Bermudez as])halts. Tdic results are shown in Table 6. 


Table G 


Substance 

'I’rin, 

Her. 

(ill. 

Tab 

Vdir. 

Ozok. 

40 dr) 0 °(k( 0-302'^ K.) .. 

14 93 

9 89 

9 31 

3 12 

16 15 

0 21 

10(1200“ (k (302 302° K.) . 

10. 42 

7.99 

5 31 

11 93 

21.70 

8.91 

200-27)0° G (302 -4S2°F.) .. 

2 26 

16 08 

12 84 

24 87 

22 82 

8.38 

2o0-300° C. (482-7)72° F.) . . 



•21 12 

28 99 

K! 21 

0 91 

17 69 

300-350° (J. (572-()()2° V.) . 




■1 77 i 


25.89 

,350-400° C. (662-752° F.) . 


i 




26 85 

Total Volatile 

1 27.61 

55.08 

56 51 5 

57.90 

61 . 58 

87.93 

Fixed (kirbon 

36 69 

39 60 

43 13 

37.47) 

36 92 

10 03 

Ash 

35.70 

j 5.32 

0 366 

4 65 

1 50 

0 01 


Aylsworth and Dyer ^ describe a retort, which distills viscous bodies 
including heavy oil residues, pitch and asphalt, continuously, under 
atmosplKuic tiressurc, vacuum or super-atmosplKuic pressure. It con- 

‘ J. Am. Chem. Soe. 1017, 2020. 2 ctl p 2022. 

3 Loc. fit. p. 2021. “ J. Ind. Imp. Chem. 1913, 973-976. 

^ HiM;her yields are eommoreially obtainable (Mei^s). 

° Attention is called to the very low per cent of ash. 

^ U. S. Patent 1,079,093, ^Nov. 18, 1913. 
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sists, essentially, of a vertical chamber through which the material to 
be distilled, mixed with pieces of solid refractory substances, passes in 
a downward direction, by gravity feed. Products of distillation are 
removed by a pump and the uncondensed gases are reheated and re- 
turned to the reaction zone, if the distillation is carried out at 
atmospheric pressure. 

W. A. Hall ^ distills heavy oils, oil residues and solid bitumens as 
follows: the oil is mixed with not less than its own weight of coke or 
similar porous material and heated by external heat to about 475° C. 
(887° F.) and the vapors are condensed. The coke may be heated in a 
retort into which the oil is constantly introduced in regulated pro- 
portion. Under these conditions the distillates of low boiling point 
closely correspond in composition, whatever the nature of the original 
crude oil. 

Hall states that when this process is carried out starting with a 
thick viscous bituminous oil, such as the crude cds of Mexico ir their 
heavy distillates or residues, which may be still bottoms or even solid 
asphaltum (bitumen) with gravities approximating to or in excess of 
that of water, a thin limpid oil is obtained of from 0.845 to 0.895 gravity 
which does not thicken or congeal even at 0° C. In practicing the 
process, the heavy bituminous oil is first heated to render it thin and 
is then mixed with sufficient coke to produce a semi-dry mass and this 
mass is retorted, giving a yield of oil from 75 to 85 per cent in volume 
of the total amount treated, the balance (15 to 25 per cent) being dry 
coke and left in the retold. This method can, it is said, be economically 
practiced where fuel is inexpensive, but as from two to three parts lof 
coke are required to one part of oil, all this extraneous mat (‘rial must 
be heated. Moreover the process is intermittent and requires the clean- 
ing of the still or retort when the operation is completed. 

Another objection to that particular method is the great difficulty 
of imparting heat from external sources through the heavy mass df 
oil-saturated coke, which acts as a non-conductor or insulator of heat. 
Thus comparatively small diameter retorts are required. 

These disadvantages arc said to be overcome ^ by placing the mix- 
ture of heavy bitumen and coke in the upper end of a tall gas producer. 
Here distillation takes place by the action of the non-oxidizing hot 
combustion products formed by the burning of the coke in the lower 
part of the producer. It is stated that with very bituminous oils, the 

1 J. S. C. I. 1916, 919; British Patents 4598, Mar. 24, 1915; 7209, May 13, 
1915; and 7778, May 25, 1915. 

2 J. S. C. I. 1916, 919; Chem. Ahs. 1916, 3156; U. S. Patent 1,247,671, Nov. 
27, 1917; British Patent 8836, June 15, 1915. 
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coke which the oil itself furnishes is sufficient for the fuel requirements 
of the process. 

G. H. Ashley ^ describes the Santo Tomas Cannel Coal of Webb 
C^ounty, Texas, and indicates its possibilities as a source of motor fuel. 

It is ^ated that this coal ^ ia of unique interest, both economically and geo- 
logically. It Jb of economic interest because it is probably the largest body of 
cannel coal of bituiiiinous rank in tlK? United States, if not in the world. It is 
of geologic interest because it is not the high-moisture, soft brown lignite which is 
cliaracteristic of coal beds of the same age in the central and eiustorri parts of the 
state, but a low-moisture coal almost as liard as anthracite, resisting weathering 
like an ordinary bituminous coal and sold on (lovernment contracts under a guar- 
anty of 12,500 Hritish th(‘rmal units on “dry coal.” As a canmd coal it has special 
interest because on distillation such coal yields a much larger proyiortion of oil 
at a low temperature or of gas at a high temperature than ordinary bituminous 
coal, and at present and probably for some time in the future these products may 
be in great demand in the growing chemical industry of the United States. Tests 
have shown that although cannel co;il yields a large percentage of oil when dis- 
tilled aL<t»^-»w tempera^»"», yet this oil contains so large a percentage of un- 
saturated hydrocarbons, as to be unavailable as a source of benzol and toluol 
products. Most de])osits of cannel coal are too small to justify the en'ction 
near by of a distillation plant of any considerable size for their utilization, but 
the amount of coal already in sight in this district warrants its investigation 
by those interc'sted in chiunical industries. A by-product of mining here is the 
larg(‘. am’ouift. of clay lliat has to be removed in the mining operations. The clav 
already removed forms very large dum])S and lies ready for use in the manufacture 
of any clay products for which it may be suited. It will probably not be found 
suitabU' for high-grade tire brick, but rather for vitrified ware, sewer pipe, drain- 
tile, and possibly paving brick. 

An inh'resting feature of this coaU is said to be the large percentage of nitro- 
gen shown 111 certain of the, analy.s(‘s. If those analyses are c.orrect this coal con- 
tarns more nitriigen than any other coal in the United States. The samples taken 
by Ashli'y have not yielded so high a percentage of nitrogen as some of the older 
sample's. Most coals contain between 0.5 and 1 5 per cent of nitrogen, but in some 
areas, notably |>arts of Wiishington and northern dVnnessee, many of the coals 
contain 2 ])er cent and some run as high as 3 5 per cent of nitrogen in the sample 
as reci'ived. At first sight these figures wouhl seem to indicate, it is stated, that 
the Santo Tomas coal might be of great value in the production of ammonia but, 
th(‘ oil and gas obtained from cannel coal are given off so readily and at so low a 
temperature that they consist largely of unsaturated hydrocarbons without combined 
nitrogen. 

The tests of the 8anto*Tomas coal by low temperature distillation 
by th(i Bureau of Mines gave the following results: ^ 


^ U. S. Geological Survey, Bulletin 691 — I, July 25, 1918 (Contributions to 
economic geology, 1918, Part II, pp. 251-270). 

" Ibid. p. 2M. » Ibid. p. 256. * IM. p. 260. 
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Oil: 

Gallons per ton 52. 2 

Per cent by weight of coal 20. 2 

G0° 

Specific gravity at — F 0.D38 


Gas: 

Non-liquid at 00° F. 

Cubic feet ])er ton, collected over water, at 0” C. and 700 inilli- 


nieters pressure 5072 

•Water: 

Per cent by weiglit of coal condensed 9.5 

Loss in distillafion: 

Per cent by weight 44. 3 


Ammonia: 

Not determined. 

This yield of 52.5 gallons a ton may ho C{>rv,pare(P wnl. and 
37.3 gallons a ton oblaincd by two t(‘sts under tlx same conditu/^s of 
coal from Cannelton, Pa., which in fhe past has been succt'ssfully used 
in the production of oil. This fudd, on account of its lai'ge size and 
the abundance of coal in sight, would seem to b(‘ a favoi'ablc place 
in which to determine by experiments what can b(' done with such an 
oil by distillation at different temperature's and at different fu'essui’e's, 
and how the oils and tars olitained may be; made available foj* gasoline 
and other much ne'eeled firoducts. 

J. C. Ingram ^ distilled fenir eannel coals (from Missouri and Illinois) 
and two bituminous coals, uneler similar ceinelitions, in a heirizontal gas- 
fired retort, the; charge in each case weighing from 25 te) 35 pounds. 
The gas proeluceel was measiire'd and ceille'ctexl after fiassing successivedy 
through two ceinelensers, and three' gas-washe'rs containing water. 
The e)ils obtained from the eannel coals were fractionate'd to yiedd 
gasoline (up to 150"^ C\, 302° F.), ke'rosene (150 300° C., 302-572° F*.); 
and lubricating oil (above 300° C\, 572° F.), and coke. The bitumi- 
nous coals yielded small quantitie's of tar (5.35 to 12.5 gal. pen* tern) 
composed of paraffins, olefins, aromatic substances, and a large; [)ro- 
portion of bitumens. The eannel coals gave comparatively large 
amounts chiefly of liquid and solid hydrocarbons of the methane and 
olefin series, together with cresols and asphaltic bodies. The eannel 
oils averaged about 11 per cent gasoline (supposed to be similar to 
that produced by the cracking process), 40 per cent kerosene and 40 

1 Ihul. p. 261. 

2 J. S. C. I. 1917, 1172; School of Mines and Met. Univ. of Missouri, Bull. 
No. 4, vol. 3, May, 1917. 
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per cent lubiicutinjr oil containing? 25 pea* cent of solid i)araffins. Maxi- 
iimni gasoline production was obtain'd by distilling between 4o0° and 
550° C. (842°-1022° F.). Hard paraffin and kerosene were formed in 
largestN quantity between 550° and 650° C. (1022° 1202° F.), while 
above 6.^° (J. soft paraffins, heavy oils, kerosene, and bitumens were 
the main i)r^ducts. A yield of 3500 and 8100 cubic feet per ton of very 
lich gas was obtained from the eannel coals, the time of maximum 
production being betweem the fifth and sixth half hours. Only one 
sample gave a saleable coke. 




APPENDIX 

STATISTICS ON PETROLEUM PRODUCTS* 

Accompanying; the rcpjular monthly report on petroleum refinery 
j)i' 0 (lucts, tlui Unitcal Slates Bureau of Mines issues the followiiifi; 
review of gasoline situation for the first four monllis of 1920, with 
comparisons of the sam(‘ pei iods of the three previous years : 

Dining lh('^ ‘..v'mtlis, January, Fehruary, March, and April, 1920, 
th(‘ p^;tTiTcti()n of g^r.oline incieased 1,852,890 gallons daily or 13^ 
p(^,-^nt; whereas, the domes! i(^ consumption of gasoline increased 
2,148,920 gallons daily, or 33 per cent, indicating afar greater increase 
in consumption than in production. Consumption increased 796,030 
gallons pi'r day more' than production. 

(tf gasoline at the end of April, 1920, were 49,930,474 gallons 
iimtK' than for the corresponding period of 1919, or, approximately, 
p(‘r c(‘nt grc'ater. Stocks for the end of April, 1918, represented 
sixty days’ production; in 1919 the stocks repri'senti'd fifty-nin(‘ days’ 
production; whereas, in 1920 the stocks rej)resented fifty-six days’ 
production. 

Exports during the first four months of 1920 increased hy 246,802 
gallons daily, which, however, is still less by 142,852 gallons daily than 
for the same period in 1918. 

/riu' imports of gasoline for the first four months of 1920 — the 
htrgt'st on record — were approximately 100 ])ei- cent increase over 

1918 during the same piaiod, but still constituted less than 1 per cent 
of the total gasoline pnahiction. 

Shipinimts to our insular possessions ~ Alaska, Hawaii, Porto Rico, 
and the Philippines durijig tlu' first four months of 1920 were ap- 
proximately 37,000 gallons per day. During the same period for 

1919 they w('n» 43,000 gallons per day. 

The following tabulation summarizes the gasoline situation for the 
last four years : 

^ C^nnpiled by Jh F, Mason, Petroleum Economist, United States Bureau of 
Mini's. 
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Summary. — Gasoline Statistics 


First Four Months of Years 1917, 1918, 1919, and 1920 
Daily Average 




Domestic 

Stocks at 

Equivalent 

Year 

Production 

Consumption 

end of April 

days’ 


(Gallons) 

(Gallons) 

(Gallons) 

production 

1917 

0,923,058 




1918 

8,594,882 

0,411,452 

509,197,134 

00 

1919 

10,008,953 

0,442,992 

593,010,170 

59 

1920 

11,421,843 

8,591,912 

043,552,044 

50 




Imports and Exports 




Daily Average 

' Hh 



\ 

Shipmer^ 

Year 

Imports 

kNports 

to insular posses^ ns 


((’lallons) 

(Gallons) 

(Gallons) 

1917 

22,745 

993,034 

37,579 

1918 

03,350 

1,407,007 

37,9('0 

1919 

49,991 

1,018,013 

43,981 

1920 

98,053 

1,204,815 

37,059 


Department op the Interior Bureau of Mines 


Slocks on Ilatul at the Hvfineries 


1917 

'’Ictober 31 

Xovember 30 

December 31 

Crude oil (bbl.) 

12,123,087 

11,818,100 

11,038,433' 

Oils purchased to be re-run 




(bbl.) 

793,402 

780,554 

973,322 

Gasoline (gal.) 

320,203,770 

300,241,135 

412,250,833 

Kerosene (gal.) . 

555,807,202 

537,108,089 

497,750,082 

Gas and fuel (gal.) 

090,209,380 

030,190,045 

577,899,112 

Lubricating oil (gal.) 

125,081,023 

130,834,040 

130,855,342 

Wax (lbs.) 

112,802,014 

122,700,409 

135,059,927 

Coke (tons) 

8,823 

9,007 

7,585 

Asphaltum (tons) 

01,994 

53,050 

52,800 

Miscellaneous (gal.) , . 

258,439,112 

248,731,757 

201,303,904 
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.TAIL OP Miscellaneous Oils Produced during 1919 
ReporUui on Monthly Refinery Report under ^'Miscellaneous" 


Hinder 

Flux . 

Ink oil 

Mi'dicinal oils 
Hot rolat mil r 

iloofcrs’ wax 
Sludge prodmds 
Paint 

Paint Produets. 
Acid Oil 
l#ist4llate 
Motor fuel 
Motor spirit . . 
Pitch . 

Residue 
Slops .... 
Tailings 
Tar. 

Tops. . . . 
IJ nfinished 
Wash out 
Wax tailings 


Gallons 

1 , 683,451 

31 , 284,816 

105 

1 , 129,932 

6 , 421,178 

77 , 637,992 

158,250 

14 , 994,298 

478 

75,637 

3 , 765,703 

571 , 238,381 

67,893 

58 , 328,036 

473,746 

39,546 

379,052 

19 , 325,735 

3 , 545,407 

108 , 955,510 

376 , 229,215 

122,380 

3 , 017,039 


Total 


1 , 278 , 863,780 
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Detail of Oil Run lo Refinery Stills in 1919 




Other oils 


1919 

Crude oil 
(bbl.) 

Purchased 

and 

re-run 

(bbl.) 

Own oils 

re-run 
(bbl.) 1 

(Aising- 

head 

(lasohno 

(bbl.) 

Total 
other oils 
(bbl.) 

Total 
oils run 
(bbl.) 

January 

20,967,:i;i2 

2,399,789 

1,273,991 

249,042 

3,919,492 

30,889,824 

IVhruary 

25,2;i2,876 

2,190,992 

1,.592,419 

243,917 

3,997,025 

29,229,901 

March. . . 

27,<Sbb,775 

1,991,025 

1,081, .589 

279,207 

3, .35 1,821 

31,218, .599 

April . . . 

27,775,217 

2, .544,935 

1,3.39,9.54 

3 12, .591 

4,197,4.50 

31,972,997 

May . . 

.30,297,227 

2,4.58,203 

2,007,840 

2.54,877 

4, "‘^0.920 

.34,988,147 

Juno 

28,920,794 

1,990,390 

2,139,301 

19.5,318 

3,992, Oo 1 . 

3‘^.912,773 

July 

31,202,522 

2,202,219 

1,409, .595 

151,179 j 

.1,792,957 

3,713,.5.59 

34,91^^,479 

August 

32,392, 0.'')7 

2,203,(K)3 

1,319,9.53 

193, .300 

39,07?), 

So[)tprnb(T 

32,901,014 

1,9)3.5,342 

1,348,082 

2.3.3,495 

3,216,889 

35,817,93.3 

October . 

33,()82,998 

1,932,.524 

1,319,9.51 

241,919 

3,491,094 

37,174,092 

November. 

.32,213,7.54 

1,8.57,372 

1,4.54,990 

299,982 

.3, .579,31 4 

3.5,793,098 

December. 

32,427,917 

2,.500,1.59 

981,313 

3.35,917 

3,820,089 

.79, ‘.{17, 709 

Total. 

391, .520, 1.53 

25,.543,.5.50 

17,292,285 

2,959,781 

I 

45,792,919 

407,282,71)9 ' 


Refined Oils Situation for 1919 Summarized 

Accompanying arc sfalislics of (lie pi'tn haiiii i-cfining industry in 
the United States, collected and compiled hy the Bureau of Alines for 
the year 1919. 

At the end of December there were 292 refineries opei'ating, with a 


daily capacity of 1,. 3.56, 3.5.5 
years 1917 and 1918 follows 

barrels of crude oil. 

Comparison with the 


Operating 

Daily Capacity 

1917 

215 

1,1.57,875 bbl. 

1918 

297 

1,229,175 “ 

1919 

292 

l,3r)f>,355 “ 
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A census of the petroleum refineries in the United States on January 1 
1920, ji^ives a total of 373 completed rehuerics with a daily capacity of 
1,530,565 barrels; this compared with December report shows 81 re- 
fineries with a daily capacity of 174,210 barrels shut down for various 
reasons. Also, this census gives 99 refineries, daily capacity of 263,500 
barrels in the course of construction; by August 1 tlie new r(‘fiiieri(\s 
vv(;re expected to be completed. Texas leads in new construction with 
a total of 50 plants, daily capacity of 141,400 barivls; with Oklalioma 
standing second, 17 plants, daily capacity 22,850 barivls. 

In 1919 the United States Geological Survey reports the production 
of p(4roleum as377,719,000 barrels; the Bureau of Foieign and Domestic 
Commerce reports the import of 52,746,567 barrels, making a total of 
430j465,567 barrels, or a daily average* of 1,179,358 barrels, which com- 
])ared with daily capacity of the rehnerie's operating at the end of 
Decemb(M', 1919, indicates a surplus capacity of 177,007 barrels daily 
ovei; the production and importation of crude oil during 1919. If all 
cor 11)1(4 ed and budding refineries as shown by the census of January 
W(*r(* oiH'rating in August, 1920, the iiotential suipliis capacity over the 
supiily of p(‘trol(Aim would l)e 614,707 barnJs daily. 

The expoi-ts of ci'ude oil during 1919 were 5,925,586 barrels, or a 
daily average of 16,234 bai rels. 

The 130, 465, 567 bands of crude petroleum that were produced and 
imported during the* year 1919 are accounted for as follows: 5,925,586 
barrels were exported, 328,879 barnJs wei’c shipped to our insular 
possessions and the refineri(‘s accounted for 361,520,153 barrels, making 
a total of 367,774,618 barrels of oil. This kaivc^s a balance of 62,690,949 
bands that were consumed in the natural state. 

Of the 52,746,567 barrels of pc'troleum that were im])orted during the 
year, 3(1,828,264 barrels of Mexican crude were run by tin* refineries, 
who in addition used 1,446,326 bands of Mexi(*an tops. 

'Gasoline production inci’cased 10 p('r cent over that of 1918, October 
l)('ing the high month in production and January the low montli. Stoc^ks 
indicate the seasonal demand for this product; tin* largest stocks were 
on hand at the refineries at the end of May and the smallest stocks at 
the close of January and ()cto))or. Stocks during the year increased 
from 297,326,983 gallons* to 446,793,431 gallons. Exports decreased 
about 190,000,000 gallons during the year, while the domestic con- 
sumption increased 309,000,000 gallons. 

Kerosene consistently increased in production since August, 1918, 
and th(^ 1919 increase amounts to 28 per c(ait over the production for 
1918, the largest monthly production occurring in the month of 
Pecember, 1919;^ the low# month being January of that year. Stock3 
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{Unit of 


1917 


- 

January 

1 

February 

March 

April 

May 

Stocks, first of month . . . 

Production 

Imports 

3t5,613,3:)5 

203.r>l.S,72t 

2,080,337 

184,002,.')y5 

No data 
220,523,.')71 
2,. 500 

available 

228,945,104 

00,272 

238,810,209 

5,350,030 

Total 


i 

1 


Exports 

Shipments to insular possessions 
Domestic consumption 

Stocks, end of month 

38,00.'), 884 
708,812 

21,008,050 

1,077,473 

24,000,321 
3.34,10- 
No data 
No data 

35,570,8.52 
1,820,043 
a\ ailablc 

1 available 

40,334,7.57 
1, -10.5, 114 

Total 





* 


1918 


Stock.s, first of month . , . 

412,256,833 

473,105,100 

.523,727,009 

.526,382,380 

.509,197,1.31 

Production 

212,632,044 

234,321.019 

209,027,908 

293,.390,1<)2 

319,.391,202 

Imports . . 

5,031,955 


5 

2,0.31,109 

1,008,000 

Total 

6.59,923,832 

707,489,7.85 

793,3.51,982 

.822, 109,057 

.;<29,. 590,336 

Exports ... 

41,083,642 

35,390,0.38 

10,390,782 

40, .857, 293 

.50,71S,Hy 

Shipments to insular possessions 

1,1 07, .3,55 

1,102,301 

' 1,119,029 

1,20.3,819 

080,090 

Domestic consumption 

14.3,967,609 

147,204,377 

219,402,185 

20.5,151,111 

.31 1,524,003 

Stocks, end of month 

473,16.5,106 

.52.3,727,009 

520, .382, .380 

.509,197,131 

100,037,179 

Total 

6.59,923,832 

707,489,785 

793,3.54,982 

822,409,6571 

'.529,590,336 
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( 'oiisuniptiou of GasolinB. 
(Idllon) 


1917 


1 

JunP 1 

July 

AugUHt 

September 

October 

November 

December 

TotJ , 


3H3,U5,992 
2 U, 145,292 
84 

315,199,195 

2.54,464,491 

57 

298,518,099 

250,132,0.50 

0,016 

287.758,.562 

271,891,231 

30 

320,203,770 

201,888,709 

360,241,135 

218,840,038 

2,380,287 

.34.5,013,.3.56 

2,850,540,423 

10,494,019 


627,501,308 

599,063,743 

55-4, 080, 705 

.5.59,019,832 

585,092,479 

011,474,000 

3, .538,128, 247 

- _ _ — - 


_-ZZZ __ 



■ “ 



W,2<)1,T39 

l,SS2,42r) 

3S3,Ur),'J92 

22,076,050 

055,781 

259,030,330 

345,199.195 

30,. 598,2 19 
‘/,038,202 
, 208,478,0231 
I 298,548,099 

I* 

20,079,7.59 

1,372,.593 

24.5,475,851 

287,758,502 

31,240,702 

1,1.5.5,929 

207,049,371 

320,203,770 

.50,990,017 

1,151,417 

100,703,910 

300,211,135 

35,355,977 

697,039 

103,183,011 

412,2.50,8.3.? 

410,249,003 

14.918,100 

2,094,704.251 

412,2.50,833 

% 

1 ()27,.'ifil,3l.s! r,'J'J,0G3,743 

i* • 1 

.5,54 ,080,76.': 

. .5.59,049,832 

1 5.85,092,479 

011,474.000 

3,.538, 128,247 


1918 


. ‘ 7 

400,037,479 

315,023,41.5 

3,3.50 

118,440,3.53 

332,022,09.5 

349,928,001 

330,33.5,016 

3,3.52 

28.5,4 40, .538 
31 1,. 595,959 
1,807 

209,772,723 

314.251,318 

3,040,712 

2.50,328,329 

312,908,040 

270,072,011 

291,741,105 

1,170,000 

300,211,135 

.3,570,312,903 

12,899,350 

775,004,274 

• 

7.50,402,44.8 

680,207,002 

000,004,304 

587,004,7.53 

.503,290.909 

.502,992,470 

3,913,4.53,448 

4}?,297,410 
1,070, .897 
307,2.5.5,00.8 
418,440,3.53 

47,112..5.52 

.531,737 

3.52,589,5.5.5 

319,928,6f>l 

.55,920,7.52 
1,240,011 
337,0.59,008 
285,4 46, .538 

44,540,511 
1,29.5,148 
284, 135,982 
209,772,723 

37,915.924 

033,943 

298.180.5.57 

2.50,328.329 

47,607,016 

288,09.8 

245,209,244 

270,072.011 

.54,278,755 

1,270,236 

210 , 110 , 502 ' 

297,320,983 

5.59,125,330 

12,209,957 

3.074,791,178 

297,320,983 

775,064,274 

• 

750,402,448 

080,207,002 

1 ^00,044,364 

1 587.004,7.5.? 

.503,290,969 

502,992,470 

3,943,453,448 
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Production and 


1919 


{Unit of 



January 

February 

March 

Ajiril 

May 

Stork?, first of month 

297.320.983 

383,212,092 

4.58,149,187 

540,002,429 

593,010,170 

Production 

303,7 10,550 

283,518,194 

311,306,755 

319,807,838 

.354 ,4 72, .377 

Imports 

322 

0,012,410 

6,180 

10 

072,5.55 

Total 

001,037,801 

072,773,290 

709,702,128 

805,870,277 

948,701,102 

J'lxports 

47,011.200 

20,050,580 

22,371,272 

20,540,400 

23,111,789 

Shipments to insular possessions 

951,080 

1,773,331 

321,11,0 

2.273,020 

3,335,977 

Domestic consumption 

100,250,877 

185,900,192 

201,001,317 

213,110,015 

.328,277,018 

Stocks, end of month 

383,212,092 

458,149,187 

.540,002,129 

.593,010,170 

.594,035,088 

Total 

001,037,801 

072,773,290 

709,702,128 

805,870,277 

948,701,102 


1920 

Stocks, first of month 

Production 

Imports 

140,793,131 

.33<1,719,1,57 

2,010,000 

1 

515.9.34.. 301 

322.. 5.58,G97 
0,5.55,990 

.502,990, 1.89 
.307,137,078 
.3,474 

020,39.3,040 
3.5.5,.597,1.51 
3, 301, .500 


Total 

7.55.. 528..5.58 

.30..351,,S71 

1,037,835 

2.3.8,204.518 

51.5.9.34.. 301 

845,079,051 

i 

.32,181,414; 
1,. 505,901 
218,39.5,211 
.502,990,189 

930,137,041 

985,352,057 


Exports 

Shipments to insular possessions 

Domestic consumption 

Stocks, end of month 

47,077,.301 
040,095 
2.50, 020, .5.39 
026,.39.3,0}0 

4.3,431,918 
],. 300,3 15 
297,001,120 
043,5.52,041 



Total 

7.S5,528,.58S 

845,079,0.51 

'9.30,137,011 

985,3.52,0.57 

1 
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sumption of Gasoh. 
(iiiJlons^ 


1919 


.luilO 

July 

August 

SoptPinber 

October 

November 

Dceembrr 

Total 


r>i>4,h‘.)r.,oio 

514,1)19,358 

434,531,440 

371,225,119 

354,160.071 

378,133,185 

297,326,983 


312,41)1,757 

32G,81G,167 

339,582,561 

363,450,747 

338,607,570 

335,659,587 

3,957,857,097 

Gi,«42 

1,203,J)2'J 

8,099 

1,267,565 


1,470,208 

871,113 

11,670,169 

■irj.uit.i K'> 

G37,G52,2i)(') 

811,773,021 

775,381,575 

731,582,160 

691,303,849 

711,064,215 

4,266,854,219 

.Tl.GOT.Ii.i.'i 

21,3()1,1GS 

1 

29,327,003 

36,737,111 

39,019,358 

31,001,477! 

28,916,689 

305,883,011 

1, ()(/,>, 74* 

S37,G12 

1,130,901 

893,273 

2,073,028 

546,138 

708,865 

16,217,081 

, 40')/)()n,14S 

307,5Gi,15S 

370,184,271 

360,625,742 

338,429.709 

281,620.049, 

238,245,230 

3,437,900,720 


51 1/)H),35S 

131,531,410 

371,125,419 

354,160,071 

378,133,185; 

416,793,431 

446,793,431 

'i.Tj.i.'ujir) 

G'{7,()52,2')(. 

811,773,021 

775,381,575 

731,582,160 

694,303, 819| 

714,661,215 

4,206,854,249 

_* _ 

~T~» 

— _ 



. — 

- 

_ _ 


1920 
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of this oil declined from a high point in October, 1917, to the lowest 
stock in May, 1919; since this time there was an increase to tlu^ 
highest point of the past year (1919) in November. Four hundred 
eighty million gallons more kerosene were exported durijig 1919 than 
in 1918, and 8,000,000 gallons were shipped to our insular possessions 
in excess of the shipments during 1918, but domestic consumption de- 
creased by 50,000,000 gallons. 

Gas and fuel oil increased in production during the year by 4 pen* 
cent; March had the smallest monthly production, with August and 
December credited with largest productions. Stocks of this pro- 
duct increased steadily from a low re.serve at th(^ refineries at the 
end of January, 1919, to a large .stock in September; since that date 
stocks declined rapidly. Exports of gas and fuel oils decreased 
303,000,000 gallons, but shipments to our insular possessions increased 
by 63,000,000 and 571,000,000 gallons is the increase for domestic 
consumption. The use of bunker oil for vessels engaged in foreign 
trade, for 1919, increased 114 per cent over the year of 1918. ' 

Lubricating oils for the year maintained a steady production 
throughout the year. Stocks wTre the largest in June; the end of 
December shows the lowe.st stock of the year. 



PRODUCTION OF GASOLINE FROM NATURAL GAS 


Production Statistics^ 

The marketed produetion of gagolinc recovered from natural gas sold in t’ e 
United States during the years 1911 to 1917 is shown in Table 1 following. 

Table I. --(/aaoline fro7n Natural Gas Marketed m the United States, 1911-1917^ 


1911 


State 

• 

Num- 
ber of ' 
oper- 
ators 

Plants 

CJasoline produced 

Claa used 

Aver- 

age 

yield in 
gaso- 
line 
per M 
cubic 
feet 

Num- 

ber 

Daily 

(‘apacity 

Quantity 

Value 

Price 

per 

gallon 

Estimated 

quantity 

Value 





(itdhniH 

(litllon'* 


renf.s 

Ctdnc feet 


(litllons 

West Virginia 


47 

« 72 

1(5,819 

3,(500, 1()5 

$202,001 

7 18 

1,252,900,000 

$76,074 

2 92 

(_)llU) 


2(5 

39 

(5,4.M 

1,078,085 

118,101 

7 04 

4(59,(572,000 

37,574 

3 57 

I\‘ynsylvania 


\:\ 

50 

5,(5(5<) 

1 ,4(57,043 

109,019 

7 17 

52(5,1,52,0(53 

52,61.5 

2 79 

Oklalioma* * 


8 

8 

1 ,800 

388,0.58 

20,975 

5 40 

144,(529,000 

4,378 

2 08 

California 

5 

1 









( 'olorado 


1 









Illinois 


1 ^ 

7 

3,358 

231,588- 

20,2.58 

8 75 

82,343,000 

0,320 

2 81 

New York 











Kentucky 













i;i2 

17(5 

37,100 

1 7,125,839 

.531,701 

7 10 

2,4 75.(597,2(53 

170,9(51 

T3)0 


* I'l^^urcs for 1911 to 191(5 from Mineral Uosourcos of United States for 191(5, U S Cleol Survey, 
1917, p|>. (518 (549, fii^ures for 1917 supplied by U S Cleol Survc'y 

^ Im ludes Kasoline produced in Kentucky which caine from natural condensation in gas mains. 


1912 


• 



dallon'i 

(talUniH 


Veuts 

Cubic ft el 


duUons 

West Virginia 

0(5 

97 

22,300 

5,318,130 

$.513,110 

9 

(5 

1,972.882,212 

$1(53,74 9 

2 8 

Pennsylvania 

(59 

83 

10,524 

2,041,109 

217,010 

10 

(5 

722,730,117 

02,010 

2 8 

Dliio . 

2"i 

43 

7,791 

1,718,719 

173,421 

10 

1 

,570,123.700 

40,090 

2 98 

Oklahoma 

11 

13 

11,910 

1 ,.575,044 

99,020 

0 

3 

701,044,.300 

24,901 

2 25 

California* 

7 

7 

0,0(59 

1 ,010,(59.5 

112,.502 

10 

8 

(500,743,000 

2.5,573 

1 7 

Illinois 

4 











C'olorado 

New Yurk 

2 

2 

1 1 


2,008 

380,876’ 

41,795 

10 8 

114,273,000 

9,602 

j 

3.4 

Kentucky 

1 

■ J 











18(5 

2.50 

(51,2(58 

12,081,179 

1 ,1.57,470 

9 

0 

4.(587,790,329 

.331,98.5 

2 6 


^ Dykema, Absorption Process, Bureau of Mines Bulletin 70. 
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Table 1, — Gasoline frotn Natural Gas Marketed in the United Slates, etc. 
— Continued 


1913 





Plants 

(lasolmc produced , 

Gas used i 

Aver- 











age 


Num- 









yield in 

State 

her of 






Price 

per 



ga.so- 

oper- 

ators 

Num- 

Daily 

Quantity 

Value 

Estimated 

Value 

lene 



her 

capacity 


gallon 

(juantity 

cubic 











feet 

West Virginia 


115 


31,9.30 

7,002,493 

#807, 10() 

10 54 

2,981,119,000 

$181,337 

2 57 

Oklahoma . 

19 

40 


01,(>33 

6,402,908 

577.944 

8 94 

2,152,.50.1,000 

82,742 

3 00 

Pennsj Ivania 

100 

113 


: 22,207 

3,080,090 

405,186 

11 01 

1,372.050,000 

114,783 

2 68 

California. . . 

12 

14 


21,135 

3,400,747 1 

376,227 

10 87 

2,13(),445,(K)0 

100,539 

1 42 

Ohio 

25 

41 


8,142 

2,072,687 

212,404 

10 25 

741,220,000 

63,2.33 

2 79 

Ilhnoi.s 

6 

12] 



Colorado . . . 

2 

2 









New York . 

3 

3 


7,308 

721,826’ 

79,270 

10 98 

203,092.500 

17,.590 

3 55 

Kansas . ... 

1 

1 









Kentucky. . . 

1 











232 

311 

152,115 

24,060,817 

2,458,443 

10 22 

9,889, 1 11, .'>()() 

560,221 

2 4.1 


1914 


Oklahoma 

.35 

.38 

7 1,79.3 

17,2/ / ,.}./.> 

.$11.3,0.3<) 

6 It 

.3,7.38,.349.(M)0 

$273,910 

» 

li 01 

West Virginia 

05 

121 

31,160 

9,278,108 

091,899 

7 15 

3,005,292,000 

172,396 

2 58 

California 

17 

1 

32,.160 

7,.381,309 

633,517 

S 30 

5,129,709,000 

197,06() 

1 18 

Pennsylvania 

96 

'no 

21,4.36 

4,011,738 

359, 102 

7.79 

1,. 300,061 ,000 

125,690 

2 89 

Ohio 

25 

1 

9,319 

2,110,171 

18-1,097 

7 54 

852,277,000 

68,935 

2 86 

Ilhnois 

7 1 

14 

5,300 

1,10-4, 178 

100..3.31 

8 02 

4(;2,321,000 

43,017 

2 52 

Kansas . . . 

3 










New York . . 

3 

' 3 1 








Colorado 

2 


I 1,065 

299,573’ 

2.3,604 

7 88 i 

146,315,000 

8,.S(.2 

2 Oft 

Kentucky . . 


2 J 









254 

380 

1 , 

12,6.32,632 

3,105,909 



7 28 j 

16,891, 5.37,000) 

889,90(> 

2 43 

1 


1916 


Oklahoma ... 

36 

6.3 

111,16.3 

31,66.3,991 

.$2361,029 

7 16 

.8,791,881,000 

.$435,512 

3 6(f 

California 

18 

20 

40,755 

12,8.35,126 

975,.197 

7 ()0 

8,006,8.88,000 

288.669 

1 (iO 

West Virginia “ 

66 

114 

31,422 

10,.S53,608 

927,079 

8 51 

.3,526,.375,000 

1.30,918 

2 30 

Pennsylvania ^ 

116 

139 

22,74.5 

5,898,597 

.369,87.3 

9 ()6 

1,. 8.3.8,0.14, 0(K) 

186,32.3 

2 73 

Ohio 

29 

.30 

8,995 

2,198,715 

167,138 

7 60 

785,011,000 

77,767 

2 80 

Illinois 

8 

16 

8, .300 

1,035,204 

80,04<) 

7 73 

451,663,000 

.3 ‘,40.3 

2 29 

Texas 

1 

1 









New York . . 

4 

4 









I.ouisiana .... 

2 

2 









Kansas 

3 

2 


5,447 

877,424 

70,2.38 

8 01 

064,.309,000 

28,9.39 

1 .32 

Colorado 

2 

2 









Kentucky . 

2 

1 J 










287 

414 

232,.3.36 

6.3,361,665 

5,1.30,82.3 

7.88 

24,064,.391,000 

1,202,.3.3.3 

2 .37 


^ Inrludos fcasolme pro(lur<*fl in Krnturkv wfiu-h rarnc from natural condensation in gas mains. 
* Includes gasoline resulting from natural comlensation in gas niaiiis. 
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Table 1. — Gasoline from Nalural Gas Marketed in the United States, etc. 
— Continued 


1916 




Plants 

(.laholiiio iiroduced 


Average 
yield of 
Ka.sobne 
l)er 

thoiusand 
ruble 
feet of 

aa.s 

State 

Niiin- 
Ikt of 

oper- 

ators 

Kniii- 

ber 

Daily 

oaijaeity 

Quantity 

Value 

1 

Price 

l)er 

ts.allon 

Ebtiinatod 
quantity 
of KUM 
treated 




(idlloufi 

a.iihu'i 


CV ///s 

.1/ rvbu' ft 

(tiillona 

Oklalioiiia 

77 

110 

2 : 1 : 1 ,077 

48,3.90,002 

*.9.80.9,14.9 

12 13 

21,740,1.91 

1 054 

\nmina 

10.1 

117 

OH.OoO 

l.H,7<).9,0.9(. 

3,02.9,203 

10 12 

ioi,ooi,.9:i() 

170 

( 'iilifoniui 

2S 

20 

.94,000 

17,1.98,7.94 

2,203,822 

13 37 

24,820,3.94 

001 

Pi>niis\ Ivania 

107 

19.'» 

40,4. S7 

0,714,020 

1,720,173 

17 77 

.3S,100,()21 

2.92 

Ohio 

10 


IS, .101 

2,0:iH,.971 

470,801 

17 84 

.9,43.9,7.90 

4.8.9 


17 

:V2 

12,070 

2,200,288 

202,004 

11 .98 

l,:i3.8,.904 

1 088 

T.ouisiaiia 

7 

7 

10,001 

2 , 11 : 1 , 1.90 

200,904 

12 70 

007,1.93 

2 320 


3 

4 

0,<>SS 

1,202,811 

201,02.1 

1.9 .9.9 

048,48.9 

1 .1()3 

Kent uckv 


5 

11,300 

72.9,107 

141,347 

10 48 

. 9 , 014 , 01:1 

120 

Kansas 

\ 

3 

3 , 0:10 

21.9,000 

3.9,0.10 

10 20 

1 , 020 , 0 : 1.9 

132 

\e\v Volk 
Colf^rado 

\ . 

J 

0 

1 .02."> 

210,0.9.9 

40.2, s:i 

K. 17 

' 102,810 

2 422 

1 

0)0 

j .VM) 

109,1 tS 

10:1.402.080 

1 l,:i.ll,118 

1:1 ,8.) 

1 

1 208,70.9,02.1 

1 400 


1917 


Okjahoma 

107 

231 

102,4.1<i 

11.9,123,124 

21, .94 1,005 

18 71 j 

84,710,011 

1 3.90 

West Viriiima 

12,8 

188 

13.9,00.1 

.12,008,047 

<),.9n,8l3 

10 0.1 

107,771, .1.91 

10,9 

f 'aliforma 

1.9 

10 

00,701 

28,817,004 

4,1:18,022 

1.9 10 

1.9,:i.9 1,247 

03.9 

Pennsvl\ania 

2.87 

2.91 

.90,10 1 1 

13,.820,2.90 

2.77.8,Ot>8 

20 01 

40,187,0.90 

270 

Texas 

10 

11 

32,.9.90 

0,020, 40.9 

1,140,111 

10 01 

12,077,210 

.940 

Oluo 

40 

01 

2.9,1.17 

.9,4:V.>,.900 1 

1.0.91,:170 

10 :i3 

:10,0(>2,141 

181 

l.ouisiaiia 

15 

20 

20,118 

4,070,7.94 

814,717 

10 :i«» 

2.2:13. .911 

2 220 

niii^ois 

33 

.9.9 

17, .102 

4,03 4, (K)0 

800,0.1.1 

17 .9.9 

2,08.9,80.9 

1 .8.17 

Kentucky 

.9 

5 

13,400 

3,818,200 1 

703,180 

10 00 

2 4,01.9,040 

1.93 

Kansas . . 

4 

0 

4,012 

1,17 4,080 

241,210 

20 .9.1 

0,31.9,:i30 

.120 

Xew York . . . 
C’oloiado 

1 7 

1 

0 

2,122 

181,202 

.3:1,110 

18 27 

08,1.9 4 

2 0.90 


7.90 

,880 

002..1.S.9 

217,.S.S1,104 

10,l.S8,0.9n 

IS 1.9 

120,2.87,707 

50.8 


'^riio produetion of p;a«olino from natural gaa bv compression and vacuum 
methods and by the absorption mc'tliod for the years 1910 and 1917 is shown m 
Table's II and III. The tables show that the quantily of gas treated in 1917 was 
more than double that of 1910, and that most of this increase wiis from gas 
treated in absorption plants. 
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Table 1 1, — Production of Gasoline from Natural Gas in 19 IG by Principal 
Methods of Manufacture ^ 


Gasoline produced by compression and by vacuum methods 



Plants 

Gasoli-c produced 

Gas u.scd 








Average 

State 





PrJpj* 


yield in 


Nurn- 

Daily 

Quantity 

Value 

l)cr 

Estimated 

gasolene 


ber 

capacity 



gallon 

quantity 

per M 








cubic 








feet 



(tiillons 

(Jnllom 


Cents 

M cubic ft. 

Gallons 

Oklahoma . 

104 

215,377 

45,827,325 

S5, 47 1,307 

11 94 

14,018,757 

3 269 

West Virginia 

133 

39,270 

9,289,024 

1,042,031 

17 67 

3,5.50,523 

2 016 

Pennsylvania 

m 

30,287 

0,722,370 

1,210,717 

18 10 

2,093,215 

2 90 

Louisiana . 

7 

10,061 

213.1.59 

209, .504 

12 70 

907,153 

2 329 

Texas 

4 

6,088 

1,292,811 

201,023 

15 .55 

948,485 

1 303 

New York .... 

5 

1 







Colorado 

1 

1 

^ 1,025 

249.055 

40,283 

10 17 

102,819 

2 422 

California . . . 

21 








Ohio 

53 








Illinois 

29 


^ 72,251 

19,428,413 

2,6.52,770 

13 65 

14,492,463 


Kentucky . . 

3 








Kansas 

2 









550 

375,505 

84,922,787 

11,193,701 

13 53 

30,713,415 



Gasoline produced by absorption method ^ 


West Virginia 

14 


59,383 

9,475,132 j 

1,383,202 

14 00 

101,114,013 

0 094 

Pennsylvania 

10 


16,200 

2.992,.5.56 1 

509,450 

17 02 

35,797,400 

081 

Oklahoma .... 

12 


17,700 

2,532,277 

393,838 

15 55 

10,730,097 

230 

California 

2 








Kentucky .... 

2 

1 







Illinois 

3 


26,000 

3,569,037 

550,891 

15 43 

24,349,492 


Ohio 

2 



Kansas 

1 









40 

r 

119,88.3 

18, .509, 902 

2..S37,447 

15 28 

171,991,608^1 


Grand total 

590 


495,448 

103,492,089 

14,331,148 

13.85 

208,705,023 

i 

.490^ 


^ Mineral Resources of United States for 1916, U. S. Geol. Survey, 1917, pt. 2, p. 650. 
* Includes drips. 
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Table III. — Production of Gasoline from Natural Gas in 1917 by Principal 
Methods of Manufacture ^ 


Gasoline produced by compression and by vacuum pumps 


State 

Plants 

Gasoline produced 

• 

Gas used 

Num- 

ber 

Daily 

capacity 

j 

Quantity 

Value 

Price 

per 

gallon 

Estimated 

volume 

Average 
yield of 
gasolene 
per M 
cubic 
feet 



(iaUons 

(iallotiH 


(Vm/s 

M cubic ft. 

Gallons 

Oklahoma 

207 

t5(>,G32 

108,728,213 

$20,321,067 

18 68 i 

36,390,280 

2.987 

Culifornia 

-10 

82,092 

23,478,521 

3,637,827 

15 40 

27,477,443 

854 

West Virginia 

lo9 

44,318 

12,270,784 

2,211,401 

18 01 

4,845,648 

2 534 

Penns%/ania 

231 

32,r>(>4 

0,011,109 

1 1,702,430 

10 80 

3,572,356 

2 .522 

Louisiana 

18 

• 17,01.5 

4,450,020 

710,7.58 

16 14 

1,558,346 

2 862 

Illinois 

r.t 

l.'»,302 

4,268,158 

7.56,344 

17 72 

2,020,014 

2 113 

Texas 

8 

10,000 

3,042,337 

664,543 

16 86 

2,666,083 

1 478 

Ohio 

Tit 

. 8,337 

2,331,408 

423,106 

18 15 

836,630 

2.787 

New York 

5 

] 






Kansas 

1 

y 3,322 

360,025 

70,361 

19 02 

150,784 

2 453 

Kentucky * * 

3 

i 






Colorado 

1 

J 







7.St 

071,502 

168,86(1,555 

30,506,030 

Ll‘1 

70,527,523 

2.123 


^ Figures supplied by United States Geological Survey. 


Gasoline produced by absorption^ 




Gallons 

Gallons 


Cents 

M cubic ft. 

Gallons 

West Virginia 

29 

91,315 

20,-301,863 

$4,300,310 

21 09 

162,025,703 

0 125 

Oklahoma 

27 

35,804 

6,.395,211 

1,220,838 

19 00 

48,320,601 

132 

California 

0 

17,660 

5.339,083 

800, 105 

14 90 

17,873,804 

299 

Pcnhsylvania 

17 

26,600 

4.815,051 

985,668 

20 47 

45,014,700 

.105 

I^ntueky ^ 

2 

13,000 2 

3,725,803 

745,210 ! 

20 00 

24,871,590 

150 

Ohio 

7 

16,800 

3,108,062 

628,270 

20 21 

20,225,.502 

.106 

Texas® 

3 

21,6.50 

2,078,068 

484,808 

16 28 

10,010,233 

298 

Kansas 

5 

3,842 

1,071,633 

220,5.50 

20 58 

9,274,280 

.116 

Illinois*. 

1 

2,000 

665,851 

100,689 

16 47 

665,851 

.000 

Louisiana * 

2 

2,203 

519,834 

94,080 

18 27 

675,165 

.770 

New York ^ 


• 

7,000 

1,400 

20 00 

2,776 


Colorado 









102 

230,883 

49,017,.549 

9„502,020 

19 57 

.349,700,274 

140 

Grand total 

886 

902,385 

217.884,104 

40,188,9.50 

18 45 

429,287,707 

.508 


^ Includes drip gasolene, 

^ Includes gasolene produced in Kentucky from West Virginia gas. 

* Includes some gasolene produced by compression. 

* Drips only. 



DEVELOPMENT OF NATURAL GAS INDUSTRY 


Allen and Burrell ^ summarize dev(;'lopmcnts in the natural gas and 
artificial oil-gas industries, leading up to the compression processes 
for recovering valuable products from natural gas and demonstrate 
the feasibility of manufacturing in large quantity liquid gases from 
natural gas for industrial application . 

The Development of Gas Liquefaction by Pressure (Ibid.) 

In the early seventies, J. J. Coleman * successfully liquefied by pressurq and 
cold the gases made by cracking the shale oils of Scotland. 

By the process of Blau,^ Pintsch,* Gray,^ Hastings-Brink, « the Swiss Liquid 
Gas Co,,’ Schneider, 8 Williams,® Wolf,i® Wolski, and others gas is made by rack- 
ing oils in hot retorts. The gas is then vvcished and compressed into steel cylinders 
capable of safely withstanding the pressures developed. Several of these i)ro(s 
esses for manufacturing g<ases are commercially successful. They all entail the 
necessity, however, of first manufacturing the gases and then washing them. 

The properties of the better known and more widely used illuminating gases 
are given below. 

‘ Bureau of Mines Technical Paper 10 (1912), Liquefied Products from Natural 
Gas. ^ 

2 An apparatus for the continuous liquefaction of volatile gases generated 
from the distillation of bituminous shale, Chem. News, vol. liO, February 28, 1879, 
p. 87; Mechanical refrigeration, vol. 2; reviewed in Sci. Am. vol. 104, 1911, 
p. 27, and in Oil and Gas Jour. vol. 9, June 1, 1911, p. 4. 

3 Hcrstellung eines Leuchtgases aiis Dcstillatgasen, German patent 158,198; 
Zeitschr. fiir angew. Chem. 1905, p. 071; Blaugas, Soifens. Zeit. 1907, p. 804; 
German patent (1905), 175,846: Kruger, F., Blau Gas, Chem. Abs. vol. 2, 1908, 
p. 3402. 

* Butterfield, W. J. A., Gas manufacture, 1907, vol. 1, pp. 230-231. ^ ■ ‘ 

® Gray, J. L., Apparatus for recovering light oils from natural gas, U. S. Pat. 

933,976, 1909. 

® Hastings, D., and Brink, A. W., Cooling gas and obtaining gasoline, U. S. 
Pat. 883,640 (March 31, 1908); Chem. Abs. 1908, 2447. 

’ Mansfield, R. E., Manufacture of liquid illuminating gjis in Switzerland, 
Chem. Eng. vol. 10, p. 122; Chem. Abs. 1910, 102.- 

* Schneider, W. P., Gas-liquefying apparatus for demonstration purposes 
U. S. Pat. 984,030 (February 14, 1911); Chem. Abs. 1911, 1353. 

® Williams, O. H. G., Liquid hydrocarbons from compressed petroleum gas, 

J. S, C. I., 1884, 437. 

“ Wolf, L., Liquefied oil gas, Chem. Abs., 1911, 372. 

Wolski, , Liquefying natural gas by the Linde process, Petroleum Rev. 

vol. 13, p. 428. 
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Properties of Certain Manufactured Gases 


Name of gas 

i 

Specific 
gravity 
(air = 1) 

Heat value 
per cubic foot 
(0* C and 
760 nam. 
pressure) 

Candle- 

power 

(British) 

burning 

5 cu. ft. 
per hour 

Unsatu- 

rated 

hydro- 

carbons 

Saturated 

hydro- 

carbons 

Hydrogen 



i 

h.t.u. 

1 

Per cent 

Per cent 

Per cent 

Pintsch gas ^ 


1,500 2 

4.5-50 

35 65 

45 37 

12 44 

Coal gas ^ . . 


630 

16 

8 0 

34 0 

47 0 

Acetylene'* . 


1,.555 

1.50 





Carbureted water gas 



22 

12 83 

14 78 

35 17 

rncarbureted water gas** 





0 10 

51 89 

Ordinary natural gas ^ 

fit 

1,189 



99 00 


laqiiid natural gas * 

1 25 

1,800-3,300® 

4.5-50 


99 00 


Manufactured od gas . 

494 

633 

23 

5 85 

40 80 

39 49 

5 ^ _ 













Explosive 






limit 



Carbon 





Name of gas 

monoxide 

dioxide 

Oxygen 

Nitrogen 

— 

— 

* • • 





High 

I.ow 


Per cent 

Per cent 

Per cent 

Per cent 



Pintsch gas *■ 

0 (iO 

0 71 

2 00 

3 00 



Coal gas ^ . 

9 0 

1 1 

0 0 

2 3 

7.1 

19 0 

.\eetylene * . 





3 0 

81 

C^aiburetcd water gas 

33 92 

1 54 

0 0 

1 76 



Unearbureted water gas ** 

40 08 

4 80 


3 13 



Ordinary natural gas ^ 





5 5 

12.0 

I iiquid natural gas 





3 0 

7 0 

Manufaetured oil gas^® 

4 50 

2 75 

0 85 

fi 01 



• 

— - 

— 

— — _ . 



— 

— - 


' Hills, H. F., ( las and gas fittings, 1902, p. 02. 

® Approximate 

’ Burrell, G. A., Average result of several analyses of coal gas. 

* Butterfield, W. J. A., The Clieniistry of gas manufacture, 1898, p 393. 

^ Butterfield, W. J. A., The Chemistry of gas manufacture, 1907, vol. 1, p 224. 

® Lewes, V. B., Liquid and gaseous fuels, 1907, p. 220. n i • 

’ Burrell, G. A., Average results of several analyses of West Virginia and western Pennsylvania 


/Kases. 0 ^ 

* Burrell, G. A. 

® Calculated. , , 

“ Allen, 1, C., Average results of several analyses of manufactured petroleum gas used on the 

Pacific coast. 
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The illuminating values given above are those of the ordinary naked flame, 
without a mantle. How greatly a mantle increases the light is shown in the 
following table.^ 


Comparative Illuminating Pouter of Gas Burners 


Flat flame, 
burning 5 cubic 
feet per hour 

Burner equipped 
'.vith mantle, burn- 
ing 5 cubic feet 
per hour 

British candle- 

British candle- 

power 

power 

23.1 

117.3 

17.9 

90.3 

16.2 

87.9 

14.6 

84.4 

13.5 

81.9 


According to A. C. Humphreys, ^ “ The use of mantles in the Pintsch system 
increased the lighting effect about four times, and with the same storage capacity 
the length of period between fillings was increased 60 per cent.'’ 

Acetylene has been burned with incrciised efficiency in mantles but because 
of the high luminosity and whiteness of the flame itself and because of obstacles 
yet to be overcome in using mantles the use of mantles with acetylene has not 
been generally adopted. ^ 

According to tests conducted by Drs. F. Schniewind, Chas E. Chandler, 
E. G. Love and H. Schweitzer ^ Blau gas Inus a specific gravity of 0.940, a heating 
value of 1731 B.T.H. and an illuminating value, when burned in an inverted 
mantle, of 108 standard candles. It is further stated that 2.52 kilograms of oil 
will produce 1 kilogram of the gjis. 

Early Attempts to Liquefy Natural Gas. — The liquefaction of natural-gas 
products was early recognized as of possible commercial importance. 

Pasenmeyer* and others procured gjisoline in commercial quantities near 
Titusville, Pa., in 1904, by collecting the condensation in the gas mains. The 
yield of gasoline so obtained was further increased in 1905 by chilling the pipes 
with cold water, and from 190.5 to 1909 the yield was still further increased by the 
establishment of small, low-pressure, single-stage compressing plants. In the last 
few years the industry has made remarkable strides. 

^ Hills, H. F., Gas and gas fittings, 1902, p. 106. 

2 Lectures on illuminating engineering, delivered at the Johns Hopkins Uni- 
versity, October and November, 1910, under the joint auspices of the university, 
and the Illuminating Society, 1911, p. 208. 

“ Prospectus of the Blau Gas Company, pp. 42-43. 

* Taylor, Frank H., Early history of utilization of gasoline from natural giis, 
Oil City Derrick, May 6, 1911, p. 9; Oil and Gas Jour. vol. 9, May 11, 1911, 
p. 20; The gasoline from natural gas industry. Oil and Gas Jour. vol. 9, March 2, 
1911, pp. 2-6; Petroleum, March 17, 1911, vol. 6, p. 896. 
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Up to the last two years the general practice in the manufacture of liquid 
natural gas was to make the product by compression of the gas in siifglc-stage 
compressors operated at a pressure of 150 to 500 pounds per square inch. The one 
product thus obtained, so-called natural gasoline,” was run into a tank and 
” weathered.” The weathering consisted in allowing the hghter portions to vola- 
tilize spontaneously and escape into the open air until such time as the boiling 
away of the liquid had practically ceased. Thus the process involved a loss of 
25 to 50 per cent, or even more. This loss was an absolute waste not only of 
power and of cost of operating the engines and compressors but of the product 
itself. 

Later Improvements. — The next step in the industry was to pass the waste 
gases (of which only the small quantity used for po^\er had been utilized) from the' 
single-stage compressor through a higher-stage compressor, thereby getting a 
second and more volatile product — a wilder ” liquid — which was run back 
into the first tank and mixed with the first or heavier condensate. This mixture 
was then again weathered to a safe degree, whereby it lost the greater part of the 
miye volatile product that had been condensed in the second stage. 

^/Recently the process has been improved another step, in that the first stage 
coi*^)ressor product is run into one tank and handled as ordinary gasoline; the 
second stage compressor product is run into a second tank and handled as a lighter 
gasoline,^ with which the heavy refinery naphthas can be enriched or enlivened. 

The last-mentioned method of using the second stage compressor product 
should receive wide recognition, and a market for the product should develop that 
would be no mean factor in the industry. Blending in the proportions of, say, 
l*part the product to t or 5 parts of the refinery naphthas makes these heavy 
naphthas more volatile and of greater value as fuel for automobiles; it also greatly 
increases their general usefulness. 

Practical Deductions. — The natural gas of this country frequently contains 
light products that do not condense in the .second-stage compre.ssor, and for which 
it is practicable and necessary to install three, four, and even higher stage com- 
pressors. These light products — true gases at ordinary temperatures and pres- 
sures — can be compressed and liquefied, but the liquid gases so obtained must 
bo handled as gases and not as oils. The mistake theretofore made in the 
“ natural gas gasoline ” industry, as some have recognized, has been the attempt 
to handle the light gaseous products as oils and not as gases. 

• ^ ' Fithian, Dr. Edwin J., The fractionation of natural-gas gasoline. Natural 
^Gas Association, sixth annual meeting, at Pittsburgh, Pa., May 16, 1911, Natural 
Gas Journal, August 1911, pp. 16-17. 



CRUDE NATURAL GAS (Ibid.) 


Constituents. — The natural gjises of the Appalachian oil fields are not the 
complex mixtures generally reported, but ape composed of the paraffin hydro- 
carbons with carbon dioxide and nitrogen as impurities. The gases that issue 
under considerable pressure or that are produced in quantities sufficient to justify 
piping for distant consumption consist jirincipally of methane and ethane, the 
methane predominating. Small quantities of the higher paraffin hydrocarbons 
arc also believed to be present. Olefin hydrocarbons and carbon monoxide have 
not been detected in the samples thus far examined,* and oxygen appears to be 
present only when the sample has been taken in a faulty manner and air has been 
admitted. 

Natural gases that issue from old wells in which the original rock pressure .has 
diminished contain higher members of the paraffin series, such as propane a'ld 
butane, in larger quantities, and when a pressure below atmospheric is applieu 
to the wells still larger quantities of the higher paraffins are obtainable. ^For 
example, in the oil pool surrounding Tidioute, Pa., a pool that has produced oil 
and gas for many years, the gas is now drawn from the wells under a pn^ssure 
12 to 13 pounds below that of the atmosphere, and a liquid product is obtained 
therefrom without the use of artificial pressure or cooling appliances. 

Some natural gases in the United States contain methane only, and such gases 
are not adapted to the production of gasoline or liquid gas. Gases that contain 
no paraffin hydrocarbons higher than ethane require a pressure of GOO to 700 
pounds to the square inch at 35° G. for the liquefaction of the ethane. At lower 
temperatures less pressure would be required. Since these high pressures are not 
used in the commercial plants producing gasoline from natural gas, ethane is not 
being liquefied in such plants, but a partial solution of the ethane in those paraffins 
that are liquefied undoubtedly takes place. 

Propane and butane are on the dividing line between gases and liquids and 
must be handled as such — that is, as heavy gases or as very volatile liquids — 
and if held must be imprisoned in strong containers only. Pentane, hexane, and 
heptane are liquids under ordinary conditions and comprise ordinary gasoline. 

Present Waste. — The vapors accompanying natural gas are clean and are 
ready for compression. They are analogous to the manufactured products, but 
have the great advantage over the latter of being ready made. However, they 
are at present in a great measure lost to the industries. The vapors should be 
compressed, as previously stated, but instead of being run into an open tank, 
or into a closed tank and weathered from it, with a corresponding loss, they 
should be run into steel containers and held there under compression. ' 

Proposed Utilization of Products. — Some of the products of natural gas which 
are now going to waste could be compressed into containers and could be handled 
as gases. The process has been developed for other gas industries, but its promise 
as a profitable commercial enterprise in connection with the development of the 
new product has only recently been recognized. 


^ By the Bureau of Mines. 
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The multiple-stage compressor may be used for obtaining a number of products 
or the single-stage compressor may be used for obtaining one product; 'then, by 
allowing this “ wild ” product to escape from a common container into a second, 
a third, and a fourth container, under partial pressures, it may be separated or 
fractionated into a second, a third, and a fourth product. This compression and 
later separation or fractionation of a common “ wild ” product into several prod- 
ucts is, however, a waste of power, as ordinarily the gas should be compressed 
through several stages directly into its several products. 

Yield of Liquid Product. — The following table gives the results of these ex- 
p«tfiments, in liquefying natural gas in which practically complete liquefaction was 
obtained : 


liesuUs of Corn pression and Cooling Tests of Natural Gas 


Pressure 
exerted in 
liquefaction 
(pounds per 
square inch) 

• 

Temperature 
of cooling 
coil at 
entrance to 
storage tank 

Volume 
of gas 

l>er gram of 
liquid 

415 

®C. 

2.0 

c.c. 

600.9 

430 

4.0 


506 

9.1 


600 

77.5 

478.1 


A pressure of 415 pounds at 2® C., of 430 pounds at 4° C., of 506 pounds at 
9.1° C\, or of 600 pounds at 77.5® C., liquefies practically the total volume of the 
gas being compressed. Assuming the liquid to be a mixture in which the propane 
and ethane predominate, as indicated below, 1 gram of liquid will yield 500 to 
600 cubic centimeters of gas at 0® C. and 760 millimeters pressure; that is, 1 gallon 
of liqiiitf will yield approximately 50 cubic feet of gas. 

Properties of Crude Natural Gas and of the Volatilized Liquid Products. — The 
following table shows the composition of crude natural gas and of the volatilized 
liquid products of compression. 

Analysis No. 1 is of the natural gas of Pennsylvania and West Virginia, 
which is used at Pittsburgh for heating and lighting purposes. This gas is not 
adapted to the production of gasoline, but the analysis is inserted here for com- 
/liarison#with the Follansbee gas, which was used in the production of gasoline. 

Analysis No. 2 shows the composition of the crude natural gas from the wells 
at Follansbee before being subjected to compression at the commercial plant there. 

Analysis No. 3 shows the composition of the gas left after the initial compres- 
sion of 60 pounds to the square inch. 

Analysis No. 4 shows the composition of the gas left after the final compres- 
sion of 250 pounds to the square inch. This residual gas is turned into the mains 
for consumption in the ordinary manner. Its high quality is evident, it having 
almost twice the heating vajpe of the natural gas used in Pittsburgh. 
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Properties of Crude Natural Gas and of the Volatilized Liquid Products of 
Compression 


Analysis No. 1 

Kind of gas 

Specific 
gravity^ 
(air = 1) 

Heating 
value per 
cubic foot 
(0“C and 
760 mm. 
pressure) 

Composition 

Methane 

Ethane 

Pro- 

pane 

Bu- 

tane 

Nitro- 

gen 





B.T.U. 

Per cent 

Per cent 

Per 

Per 

Per 








cent 

cent 

cent 


Natural gas (Pa. and W. Va.) 

0.04 

1189 

83 0 

16.4 



0 6 

2 

Natural gas (Follansbce, W. 










Va ) 

1 39 

2468 


21.8 

77 7 


0 5 

3 

Residual gas after .50-pound 










compression product has 










been removed 

1 35 

2364 


34.0 

64 6 


0 5 

4 

Residual gas after 250-pound 







1 



compression product has 










been removed 

1 15 

2008 


79 1 

20 0 


0 d 

5 




1 01 

1808 

3 8 

95 0 



v- • 

6 


Gas from liquefied gas (400 

j 


2066 


72 5 

27.0 


(t 5 

7 


[ pounds pressure, 0“ C ) 


1 28 

22U 


52 1 

46 9 


1 0 

8 


1 



2621 


1 1 

98 0 


0 9 

9 




1 02 

1816 

4 7 

94 9 



0 4 

10 





1925 


80 3 

9 9 


0 8 

11 


. . .do 



2108 


67 0 

32 5 


0 5 

12 





2161 


59 4 

39 8 

K- > 

0 S'- 

13 





2708 



89 2 

9 9 

0 9 

14 

j 

. 




1 .3221 



24 0 

75 0 

1.0 


^ By effusion uictfiod. 


The four analyses next following, Nos. 5, 6, 7, and 8, show the composition of 
the liquid gixs as obtained from the experimental plant erected by Allen and Hurrell. 

The next six analyses, Nos. 0, 10, 11, 12, 13, and 14, cover the analysis of the 
gas, from the first portion released to the bust that came from the cylinder. The 
gas was taken from the top of the cylinder, and the first or more volatile portion 
approximated ethane in composition. The gases next volatilized conta.ned less 
ethane and more propane, and, finally, in the last portion butane predominated. , 
Properties of the Paraffins Ordinarily Present in Natural Gas. — For compari- ‘ 
son with the analyses described above, the properties of the paraffins ordinarily 
present in natural gas are given below: 
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Properties of Ifie Paraffins Ordinarily Present in Natural Gas, 





. Specific gravity 

Heating 

,.r . . n value per 

Name 

Formula 

Boiling 

point^ 

At different At 760 mm., 

temperatures and 0® C. 

(water = 1) (air = 1) ^ 

Weight of If* X 

. , cubic foot, at 

O-C. and760 
mm.^ 



° t; 

• 


Grams B t u. 

Methane , 

CH4 

- 160 

0 415 at - 

160“ C. 0 5529 

0 7150 1065 

Ethane . . 

C,H6 

- 93 


.... 1 0366 

1 3404 1861 

Pft)pane 

Calls 

- 45® 


1 5204 

1 9659 2654 

Butane 

CJIio 

1 


. . 2 OOl 

2 5914 3447 

Pentane 

CsHia 

36 4 

627 at 

14“ C. 

4250 

Hexane . . 

CsHm 

68 9 

.6.58 at 

20 “ C 

5012 

Heptane . . 


98 4 

683 at 

20“ C 



W 

Name 

Illuminating 

value 

« 

Liquefaction point 

1 

Other liquefaction 
points 

Calcu- 
lated 
volume 
of gas 
(at 60“ F. 
and 30 
inches 
pressure) 
from 1 
, gallon ® 

Theoretical 
volume of 
air necessary 
to burn 

1 cubic 
foot of gas® 

• ^ 

linli'ih Candle- 
^ Power 

° C. Poutuh 1 



Cubic feet 

Methane 1 

5 0’ 

- 95 5 at 735 « 

- 81 8 at 807“i 

- 73 5“ C at 835 
lbs" 

- 131“ C at 98 4 
Ibs.i* 

- 1 2“C at 2700 lbs ” 


9 57 

Ethane 

35 0 12 

-h 35 at 66 

-f 34 at 738'® 

Ordinary temp 
690 lbs 11 

— 4“C at 676 lbs * 

^ 53 

16 75 

Propane 

Butane 

IVntane 

Hexane 

53 912 

-h 97 at 6471" 


45 

37 

31 

27 

23 92 

31 10 

38 28 


• 1 Holleman, A, F., Organic chemistry, edited by A. J Walker, 1910, p. 41. 

• 3 Hempel, Walther, Methods of gas analysis. Englush translation, by L. M. Dennis, 1910, 

* Landolt and Bbrnsteln, Physikahsch-chemische Tabellen, 3d edition, pp. 416, 425 (by 
Thomsen) . 


^ Other authorities give — 17“ C 


* ® I^nt, Charles, Gas lighting, 

^Thorpe, 1904, p. 202. 


vol. 3 of Chemical Technology, by C. E. Groves and Wm. 


7 WHirht L T - Jour. Chem. Soc. vol. 47, 1885, p. 200. „ ^ n 

8 Landolt and Bdrnsteln, Physikalisch-chemische Tabellen, 1905, p 185 (by ewar . 

« Bernstein, F., Handbuch der organischen Cheinie, 3d edition vo . • P- oio^owski). 

Lvdolt and Bttrnstein, Physikahsch-chemische Tabel en, IJOo. p. • ( V 
“ Phillips, F. C., W. Va. Geol. Survey, Oil and gas levels, vol. lA, 1904, p. 

Frankland, P., Jour. Chem. Soc. vol. 47, 1885, p. 235. 

'> Undolt and Bdmatein, I’hyBikaliBch-cheiniBche Tabellen, 1005, p. 182 (by Dewar). 


Idem, p. 182 (by Olszewski). 
Idem, p. 185 (by Obzewski)^ 



CHARACTERISTICS OF LIQUEFIED NATURAL GAS {Ibid) 

The liquefied-gas product obtained from the third and fourth stage compressor 
product previously mentioned (but not the heavier first-stage compressor product, 
that which ordinarily remains after weathering) begins to boil at about - 40° C., 
and at its boiling point has a specific gravity of approximately 0.63. Its coVd- 
ficient of expansion is estimated to be 0.0009 j)er 1° C. Its specific gravity at 
15° C. would, therefore, be approximately 0.57 to 0.58. 

When this liquid is confined the pressures generated by increasing the tem- 
perature are approximately as follows: 


Pressures Generated by Heating Gasoline and Confined Luiuefied Natural Gos 




Pre.ssiires generated by 


Tempera- 

ture 

Refinery 

Natural gasoline obtained at — 

gasoline 
(80° B ) 

50 pounds 

250 pounds 

■lOO pounds 



pre.ssure 

pressure 

pressure 

°< 7 . 

Pounds 

Pounds 

Poiinds 

Founds 

0 

0 


107 

3()0 

5 

0 

9 

117 

375 

10 

0 

12 

' 130 

398 

15 

0 

16 

114 

423 

20 

3 

20 

154 

453 

25 

5 

25 

175 

482 

30 

10 

30 

193 

510 

35 

16 

31 

210 

545 

40 

26 

40 

231 

585 

45 

41 

46 

251 

630 

50 

92 

52 

275 

690 

55 

350 

58 


755 

60 


(>5 




From the above data the internal pressure generated by this volatile liquidy 
or the so-called wild ” product, is seen to reach 755 pounds per square inch at 
55° C. This pressure is probably the maximum obtainable with the very light, 
or “ wild,” liquefied natural gas product having a specific gravity of 0.60 at 15° C., 
or 100° B<5. at 60° F. The fact that several gases, under pressures in •''xcess of 
150 atmospheres, or 2250 pounds per square inch, arc successfully handled in 
commerce daily and have been so handled for a number of years, and the fact 
that this ” wild ” gas generates an internal pressure of only 755 pounds at 55° C., 

650 
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or 133° F., which would be an excessively hij^h summer temperature, show that the 
ordinary handling of this liquefied gjus in summer as well as in winter 'is simple 
and practicable, and can be done with appliances already developed and on the 
market. The margin of safefy is ample. 

It is important to note that many natural gases will not yield liquefied prod- 
ucts by compression under ordinary commercial conditions, and the prospective 
investor is therefore cautioned to ascertain the nature of the vapor content of the 
gas under consideration before investing in an expensive compressor plant. 

Power. — In order to determine the feasibility of using for power purposes 
t[je gas under discussion, a short test wiis made with a gas engine. A lO-horse- 
power two-cycle gjis engine provided with a prony brake for absorbing the load, 
and e(iuipped with the usual electric ignition, was used. The high-pressure’ 
cylinder containing the liquid gas was connected through a reducing valve to a 
small cylindrical receiver, capacity about 3 cubic feet, in which a pressure of about 
3 inches of mercury was maintained; from this receiver a pipe connection led 
directly to the engine. No attempt was made to determine accurately the fuel 
coi^umption per horsepower-hour, nor to find the compression best adapted for 
1^/fuel, the test being made simply to determine the behavior of the gas in a 
^mmercial type of engine. 

^’he test was of 30 minutes’ duration; full load was easily maintained, and 
there was no difficulty whatever in keeping the engine up to speed. Throughout 
the test the engine ran easily, giving no indication of overload; there were no 
back fires nor preignitions. The indications were that the gas would make a 
satisfactory gas engine fuel. The brake horsepower (10.69) during the run was 


citlculat®d»from the following data: 

Average revolutions per minute 277.7 

■^iOngth of brake arm feet 5.25 

Weight of brake arm pounds 36.5 

Total weight on scales do 75 

KfTective weight on scales do 38.5 


A cylinder of the liquefied gas was also used for driving a 30-horsepower 
automobile. A most satisfactory run was made for a number of miles, although 
no attempt was made to determine the efficiency developed, the only result de- 
sired beyig^to demonstrate that the compre.ssed product could be used for automo- 
{iropulsion. It was noted that the gas escaping from the container through 
!the regulating valve supplying the engine became chilled and that considerable 
^rost collected over the surface of the valve. This effect would, in general practice, 
soon freeze the licpud in the valve and clog the jiipe entirely. By installing this 
valve near the engine exhaust the freezing may be prevented. 
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THE COKE INDUSTRY IN 1919 


Production Decreased but Capacity of By-product Ovens 
Increased 

•The outstanding features of the coke industry duiing the year 1919 
were the great slump in demand that followed the armistice and a re- 
markable increase in the proportion of by-product coke made as com- 
pared with beehive coke. According to preliminary estimates made 
by F. G. Tryon, of the United States Geological Survey, Department 
of the Interior, the total production of coke in 1919, including beehive 
aiK^by-product, but excluding gas-house coke, was 44,821,000 net tons, 
a decrease, as compared with 1918, of 11,657,000 tons, or 20.6 per cent. 
Tile •decrease was (!onfined almost entirely to beehive coke, the pro- 
duction of which fell off 36 per cent. The output of by-product coke 
decreased only 3.2 per cent. The output of by-product coke conse- 
qii(‘ntly exceeded that of beehive coke for the first time. In 1918 
about 45 per cent of the total coke made in the United States was pro- 
» duced in by-product ovens and 54 per cent in beehive ovens. In 1919 
ttu* proportions were rev(*rsed, 56 per cent coming from by-product 
and only 44 per cent from beehive ovens. The year 1919 thus marked 
a turning point in the history of coke manufacture in the United States. 

The quantity of coke manufactured in 1919 at illuminatipg-gas 
plants, not included in the figures given above, was about 3,200,000 
tons. The total quantity of coke produced in 1919 was therefore 
about 48,000,000 tons. 

T^'^rs /figures are preliminary only. Those for beehive coke are 
esulmated from shipments by rail. Those for by-product coke are 
leased oTi reports collected from producers in a preliminary canvass. 
The figures for both are subject to revision and will be revised when 
the annual statistical canvass is completed. 

Beehive Coke 

The blast furnaces arc the great customers of the coke industry. 
In 191^ according to the statistical report of the American Iron and 
Steel Institute for 1918, they consumed 45,704,000 net tons of coke, 
or 81 per cent of the total output of beehive and by-product coke 
combined. In 1919 the production of pig iron fell off 22 per cent and 

' 657 
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the demand for coke declined in proportion. The reaction was especially 
felt by the producers of beehive coke. With the growth in the output 
of by-product coke the beehive coke industry is likely to become more 
and more an auxiliary source of supply, carrying the peak load in times 
of extreme activity and correspondingly restricted in times of depression. 
This fact makes the current output of beehive coke a highly sensitive 
business barometer. 

Table 1 shows in parallel columns the monthly output of pig iron and 
of beehive coke in 1919. The post-war slump in the demand for both 
began to be seriously felt about March 15. The low point for the year 
was reached in May. Thereafter production slowly recovered, only 
to be further interrupted by the steel workers’ strike, which began 
September 22, and the coal strike of November 1 to December 10. 


n 

Table 1, — Estimated Monthly Production of Beehive Coke and of 
Pig Iron in the United States in 1919 


Month 

Beehive coke 

Pig iron ^ 


(Net tons) 

(Gross tons) 

Monthly average, 1918 

2,540,000 

3;255,000 * 

January 

2,384,000 

3,306,Uoiy 

February 

1,787,000 

2,948,000 

March 

2,091,000 

3,088,000 

April 

1,343,000 

2,474,000 

May 

1,103,000 

2,108,000 • 

June 

1,148,000 

2,114,000 

July 

1,482,000 

2,424,000 

August 

1,699,000 

2,742,000 

September 

1,755,000 


October 

1,521,000 

1,864,0(jO^ 

November 

1,647,000 

2,407,000 

December 

1,690,000 

1 2,630,000 


19,650,000 

30,586,090 


1 Figures for 1918 quoted from American Iron oteel Institute; those for 1919 ^ 
from Iron Trade Review. 


As a result the production of beehive coke fell off 10,831,000 tons, 
or 36 per cent, from 1918 to 1919. The total output in 1919 is esti- 
mated at 19,650,000 net tons (Table 2). All districts shared in the 
decrease. The production in Pennsylvania and Ohio is placed at 
14,861,000 tons, as compared with 22,276,0QP tons the year before. 
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Table 2. — Estimated Production of Beehive Coke, by Groups of States, 
in 1919, with Comparative Figures for 1918 * 

• {Net tons) 



19181 

19192 

Pennsylvania and Ohio *. 

22,276,000 

14,861,000 

West Virginia 

2,717,000 

1,061,000 

illabama, Tennessee, and Georgia 

2,043,000 

1,695,000 

Virginia and Kentucky, 

1,53.5,000 

1,201,000 

Colorado, Oklahoma, and New Mexico 

1,401,000 

558,000 ■ 

Washington and Utah 

510,000 

274,000 

United States • 

30,481,000 

19,650,000 


» Final figures. 2 Estimates. 


By-product Coke 

The total output of coke produced in by-product ovens in 1919 
was 25,171,000 net tons, a decrease, as compared with 1918, of 827,000 
foils, (#r# 3.2 per cent. The effect of the decline in demand for by- 
product coke upon production was largely counteracted by the comple- 
iL.i of new plants. The rate of production was higher during January, 
February, and March than during the remainder of the year. 


Table 3. — Rate of Production of By-product Coke per ZO-Day Month 


First quarter 2,260,000 

East thre^liurters 2,043,000 

Year...' 2,098,000 


The dull season in the steel industry was most pronounced from 
April to July. During the last quarter of the year the by-product 
coke industry suffered from the combined effects of the steel strike, 
which restricted the demand, and of the coal strike, which curtailed 
the ^pply of coal. * 

The output by states is given in Table 4. The figures show a general 
increase as compared with 1918, which affected all states except New 
JerseJ-, Ohio, and Pennsylvania. The producers in Ohio reported an 
increase of 4 per cent. A larger increase (16 per cent) was made in 
New Jersey, and the largest of all in Pennsylvania, where the comple- 
tion of new ovens cause^ an increase of 25 per cent. 
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In order of rank Pennsylvania came first, with 5,747,000 tons; Ohio 
second,* with 5,445,000 tons; and Indiana third, with 3,691,000 tons. 
Pennsylvania has thus regained the first place as a producer of by- 
product coke, a position held by that state from 1915 to 1917 but lost 
to Ohio in 1918. Pennsylvania is now (1919) supreme in the coke in- 
dustry. It is not only the largest producer of both beehive and by- 
product coke, but it supplies much of the coal consumed by by-prod- 
uct ovens in other states. 


Table 4. — By-product Coke Produced in 1918 and 1919, by Stales, 
with Increase or Decrease 
{Net Tons) 


State 

1918 

1919 

Increase (-f-) or 
decrease (-) 

Ovens 

Tonnage 

produced 

Ovens 

Tonnage 

produced 

Tons 

Per 

cent 

Alabama . . • 

847 

2,634,451 

906 

2,255,000 

- 380,000 

- 14 

Colorado 

120 

(a) 

120 

(rO 

(«) 

(a) 

Illinois 

620 

2,285,610 

714 

1,705,000 

- 581,000 

^25 

Indiana 

1026 

3,898,215 

1216 

3,091,000 

- 207,000 

- 5 

Kentucky 

108 

517,749 

108 

408,000 

- 110,000 

-21 

Maryland 

ISO 

474,368 

360 

356,000 

- 118,000 

-25 

Ma8sachus:itts . . . 

400 

556,397 

400 

393,000 

- 163,000 

-29 

Michigan 

269 

(a) 

389 

(a) 

(«) 

(a) 

Minnesota 

220 

784,065 

220 

586,000 

- 198,000 

-25 

Missouri 

56 

(a) 

56 

(a) 

(a) 

(ft) 

New Jersey 

260 

682,148 

315 

789,6:^ 

-f 107,000 

. +16 

New York 

615 

1,069,-587 

.591 

751,000^ 

' - 319, OOd" 


Ohio 

1658 

5,226,334 

1608 

.5,445,000 

+ 219,000 

+ 4 . 

Pennsylvania . 

2368 

4,586,981 

2846 

5,747,000 

+ 1,160,000' 

+ 25 • 

Rhode Island 



40 

(a) 

(a) 

(ft) 

Tennessee 

24 

124,469 

24 

10.5,000 

-20,000 

- 16 

Washington 

20 

30,129 

20 

28,000 

- 2,000 

- 7 

West Virginia 

214 

603,393 

214 

393,000 

- 210,000 

-35 1 

Wisconsin 

268 

(«) 

2.32 

\a) 

(a) 

' (a) 

Combined States. . . 

(b) . 

2,523,684 


2,519,000 

- 5,000 

-0.2 

Total 

9,279 

25,997,580 

10,379 

25,171,000 

- 827,000 

. - 3 


(a) Included in combined States. 

(b) Includes Colorado, Michigan, Missouri, Rhode Island, and Wisconsin, com- 
bined to avoid disclosing operations of individual coraRanies. 
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By-product Ovens Completed in 1919 

In 1919 a total of 1228 new* by-product ovens were completed, of 
which 718 were new plants and 510 were extensions at existing plants. 
Pennsylvania put the largest number of new ovens in operation — 478. 
Indiana came second with 19Q, and Maryland third, with 180. One 
new state, Rhode Island, entered the ranks of by-product coke pro- 
dtieers in January, when the Providence Gas Co.^s plant was completed. 


Table 5. — New By-product Omis Completed and Put in Blast in 1919 


Company 

Location of plant 

Number 
of ovens 

Type of 

ovens 

Date blown 

in 

New plants: 





International TTarvester Co 

South Chicago, 111 

88 

Wilputtc 

Nov. 13, 1919 

■ Sl*el& Tube C'o of America 

Indiana Harbor, Ind 

120 

Seriiet-Solvay 

Aug. 28,1919 

Ford Motor Co . • 

Detroit, Mich. 

120 

Semet-Solvay 

Oct. 14 to 





Dec 6, f919 

.lones& LauKhlin Steel Co .... 

Pittsburgh, Pa. 

210 

Koppers 

June 18, 1919 

Rainey»Wood C'oke Co 

Swedeland, Pa 

no 

Koppers 

Aug. 20, 1919 

Providence (laa Co 

Providence, R. I. 

40 

Koppers 

Jan. 28,1919 

• 

Additions exisiino plants' 





Tenncftsee Coal, Iron & H . R . Co 

Fairfield, Ala. 

77 

Koppers 

Dec. 17,1919 

Citizens ( las Co 

Indianapolis, Ind 

40 

Wil])ulte 

Jan. 31,1919 

Indiana Coke Gas Co 

Terre Haute, Ind 

.10 

Koppers 

Jan. 1, 1919 

Bethlehem Steel Corp 

Sparrows Point, Md 

1 ISO 

Koppers 

.Ian. 1. 1919 

Seaboard By-Product Coke Co 

Kearny, N. J. 


Koppers 

Jan. 21,1919 

Carnegie Steel Co 

Cdairton, Pa. 

128 

Koppers 

June 3 to 

. 




July 1,1919 

Total 


1228 




> 





^ Cf^pip,letod but not 




blast. 


Durmg th(?^year 128 ovens were abandoned or were so rebuilt as to 
•be classed as new ovens. 


By-product Ovens under Construction January 1, 1920 

Taftlc 6 summarizes returns made to the United States Geological 
Survey from by-product operators on new ovens in construction at the 
beginning of 1920. In all 853 ovens are scheduled to come into opera- 
tion July 1, 1920. Of these ovens 247 are in Alabama, 220 in Penn- 
sylvania, 210 in New York, and smaller numbers in Illinois, West Vir- 
ginia, and Wisconsin. They are distributed among 11 projects, 6 of 
them new plants and 5 yf them additions to existing plants. 



662 


APPENDIX 


X 


Table 6. — By~proditct Ovens under Construction January 1, 1920 


Operator 

Location of plant 

Number 
of ovens 

Type of 
oven 

Probable 
date of 
operation 

Birmingham Coke <fe By-Products 






Co 

Birmingham, Ala. 

50 

Koppers 

Mar. 

1, 1020 

Sloss & Sheffield Steel & Iron Co 

Birmingham, Ala. 

120 

Semet-Solvay 

May 

1, 19.^:0 

Tennessee Coal, Iron & R. R. Co. . 

Fairfield, Ala. 

77 

Koppers 

Feb. 

1, 1920 

St. Louis Coke & Chemical Co 

Granite City, 111. 

80 

Roberts 

June 

1, 1920 

Don ner- Union Coke Corp 

South Buffalo, N. Y. 

1.50 

Koppers 

Juno 

1, 1920 

Lackawanna Steel Co 

Lackawanna, N. Y. 

60 

Semet-Solvay 

July 

1, 1920 

Cambria Steel Co 

Johnstown, Pa. 

60 

Cambria-Bel- 






gian 

June, 

1920 

Jones & Laughlin Steel Co 

Pittsburgh, Pa. 

60 

Koppers 

Apr. 

1, 1920 

Pittsburgh Crucible Steel Co 

Midland, Pa. 

100 

Koppers 

June, 

1920 

Domestic Coke Corp 

Fairmont, W. Va. 

60 

Koppers 

May 

1, 1920 

Steel & Tube Co. of America .... 

Mayvillc, Wis. 

36 

United-Otto 

Jan. 

1, 1920 

Total 


853 




The completion of these projects will mean an increase of 8 per cent 
in the total number of by-product ovens in the country. Construction 
is more active now than in the years immediately before 1914, when 
the European war began, but is less active than it was during the war. 
Much of the construction now under way was projected before the 
armistice. The number of by-product ovens under construction in 
recent years has been as follows: 


Table 7. — By-yroduct Ovens in Constructign, 1914-1920 


January 1, 1914. . . . 

504 

January 1,*^:917. . . 

. 2b85[' 

January 1, 1915. . . . 

644 

January 1, 191{*>.’ 

. 2260 

January 1, 1916 

. . 1191 

January 1, 1919. . . 

. 1815 


January 1, 1920 853 


Types of Ovens 

The following table shows the number of ovens of each type in ex- 
istence on January 1, 1920, the number on January 1, 1919, and the 
number now under construction. Of the ovens put in operaiion in 
1919, 860 were of the Koppers type; 240 were Semet-Solvay, and 128 
were Wilputte. 
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Table 8. — Ovens in Use at Beginning and End of 1919, and Buihfing 
January 1, 1920 
. By Type 


• 

In existence 
January 1, 1919 

In existence 
January 1, 1920 

Building 
January 1, 1920 

Koppers 1 

4H29 

5659 

497 

Sfemot-Solvay 

2037) 

2275 

180 

United-Otto 

1840 

1754 

36 

Roth berg 

281 

257 


Wilputtc 

78 

20() 


Carnbria-Belgian 

90 

90 

60 

Oas machinery 

60 

60 

. . . 

Khnme 

42 

42 


Roberts 

24 

24 

80 

Piron 


12 


' — • — — 

d''()t,ai r 

9279 

10,379 

853 . 


Plant Capacity for the Manufacture of By-product Coke 

* • # 

The capacity of a coke oven naturally depends upon the number of 
houi’s adopted as standard coking time. The maximum capacity of 
the by-product plants of the country, defined as the maximum quan- 
tity of coke of the grade desired by the operator which can be pro- 
duced when all conditions are favorable, with all ovens active,’’ has 
been as follows: 

Table 9. — Maximum Cqj^dty of By-product Coke Ovens in the United 
States, in Net Tons per Annum 


Januanj#<71918. . 27,000,000 

1, 1919 33,700,000 

rfanuary 1, 1920 39,500,000 


In the year 1918 there was thus an increase in the annual capacity 
of coke ovens amounting to 6*700,000 tons, or 25 per cent. The in- 
crease during the year 1919 was somewhat smaller, 5,800,000 tons, or 
17.2 jfer cent. 

The annual capacity of the plants completed and in operation at the 
^beginning of 1920, including ovens temporarily idle, was 39,500,000 
net tons. This figure represents the output at full capacity — operation 
of 100 per cent. In actual practice an average operation above 90 per 
cent cannot be assumed for the country as a whole. Weekly reports 
received from the by-pijoduct plants during the war show that from 
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December 28, 1917, to February 1, 1919, the highest percentagcP at- 
tained for the entire country was 92.2, the output reached in the week 
ended September 28, 1918. The average for the year 1918, when every 
effort was being made to speed up tlie recovery of by-products, was 
86.9 per cent of maximum capacity. The average for 1919 appeark 
to have been about 70 per cent. 

In estimating the coke or the by-products recoverable from the 
country's existing by-product ovens the assumed percentage of opera- 
tion should therefore not exceed 90 per cent. Indeed, the safer figufc 
♦of 85 per cent would appear better justihed by experience. The present 
capacity of the by-product ovens of the country in net tons per annum 
would therefore be that shown in Table 10, the yield of coke from 
coal being taken as 71.2 per cent, the average for 1917-1918. 


Table 10. — CapaHhj of By-jyroduct Coke Ovens in 1920 



Coke 

f 

Coal for charge 

Assuming 90 per cent operation 

Assuming 85 per cent operation 

35.500.000 

33.600.000 

49.800.000 

47.100.000 

I 


The completion of the plants now under construction may raise the 
capacity to a maximum of approximately 43,300,000 tons, or 36,800,000 
tons under an operation of 85 per cent. In connection with the sup- 
po.sition that a limit to the production of by-product coke may be 
reached, it may be noted that this quantity is 65.2 per cent of the coke 
produced in 1918, the largest quantity ever used by the country in one 
year. It is 69 per cent of the coke required ^or producing 49,666,000 
gross tons of pig iron, the annual capacity of f coke-burning blast 
furnaces completed or building on January 1, 1919,' ‘‘ccording to the . 
annual statistical report of the American Iron and Steel iii^titAJte, the* 
coke consumption being taken at 2375 pounds per gross ton of iron.* 
It is 61.7 per cent of the country's total requirements for coke in the 
war year 1918, as estimated by the Unii^cd r>tates Fuel Administration, 
less sales of gas-house coke, amounting to 1,814,000 tons. 

Recovery of By-products 

The quantity and value of by-products recovered in 1919 may be 
approximated by multiplying the number of tons charged into the 
ovens in 1919 by the average quantity of by-products recovered in 
1918 per ton. 
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Table W, — Average Recovery per Net Ton of Coal Charged into By-product 

Ovens in 1918 

NH| (all forms) exi)rcsscd in terms of equivalent ammonium 

.sulphate pounds 18.9 

Tar gallons 7. 1 

Crude light oil gallons 2.4 

M. cubic feet 10.4 


^Ihc figures, if multiplied by the 35,353,000 net tons of coal charged 
in 1919, as estimated from known coke production on yield of 71.2 
per cent, the average for 1917-1918, would give 668,200,000 pounds of* 
ammonium sulphate or its equivalent, 251,000,000 gallons of tar, 
84,800,000 gallons of crude light oil, and 367,700,000 cubic feet of gas. 

For purposes of comparison the actual production of by-products 
in 1918 is reprinted below. 

^ Table 12. -- By-prodiicfs Obtained from Coke-oven Operations in 1918 

Value of* 
sales 

$6,364,972 
19,061,777 


7,381,174 

7,130,113 
6,569,402 

963,043 
15,472 
11,966,367 
12,249,702 
439,983 
53,880 
287,581 
362,648 

1,756,345 

$74,602,458* 

• 

^ Includes liquor and sulphate sold by pound of Nlh. 

^ Includes sodium ferro cyanide, pyridin oil, nut coke, drip oil, spent oxide 
residue, coal-tar paint and wash oil. 

* Does not include value of 1,999,370 net tons of coke breeze. 


Product 

Production 

Sales 

Tar (gal.) 

263,299,470 

2(X),233,002 

Ammonia f 



Sulphate (lbs.) 

436,388,134 

423,515,836 

Liquor (gal.) 



Anhydrous or free ammonia ^ (lbs.) 

65,230,159 

61,442,933 

Gas: 



Illuminating and household pur- 1 


[ 33,437,991 

IX)ses (M. cu. ft.) [ 

385,035,154 

1 

Industrial purposes (M. cu. ft.) J 


[124,920,488 

Benzol products: 



Cruda light oil (gal^^^ 

87,222,450 

3,764,272 

^Secondary ligh^d^^al.) 

339,644 

121,191 

B^nzoj^gjJi^^TT 

44,804,900 

43,441,980 

• Toluol (gal.) 

8,861,948 

8,541,366 

Solvent naphtha (gal.) 

3,540,162 

3,123,815 

Other oils (gal.) 

636,707 

571,752 

Crude naphthalenaj^lbiT) 

•V. 10,614,799 

10,403,758 

Refine^naphthalene (lbs.) 

5,472,699 

5,486,689 

Other^roducts ^ 






'^tal 
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If the figures showing the recovery of by-products per ton are hiul- 
tiplied by the number of tons given above as the annual coke capacity 
of the ovens now built and building in tho United States, namely, 
36,800,000 tons — a moderate estimate assuming 85 per cent operation 
— the annual capacity for the recovery of by-products by the end of 
1920 will become 977,100,000 pounds of ammonium sulphate, or its 
equivalent, 367,000,000 gallons of tar, 124,000,000 gallons of crude 
light oil, and 537,300,000,000 cubic feet of gas. 
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Hydrocarbons in Gasoline ’ 


Em- 

mula 

0 Structural formula 

B. P. 

C,H,2 

CH, - (cHj), - cn, 

• 

38° C. 

C 5 H 12 

CH, - CH, - CH<^^”* 

28° C. 

Cell, 4 

CH, - (CH,), - CH, 

69° C. 

CeH,4 

CH, - (CH,), - Cll/^j]* 

61° C. 


Oils - (CH2)6 - CH, 

98°.5 C. 

QHie 

CH. - (CH,), - 

90°.3 C. 

Cgirig 

CHj - (CH2)e - Clla 

125°.3C. ] 

CsHis 

CH, - (CH,). - Ch/®”' 

119°.5C. 

C\H20 

CHa - (CIl2)7 - CHa 

149°.5 c. : 


.CII 2 - CH 2 

ch2<; I 

Clh-Clh 

50°.5 C. 

Cell , 2 

CaHo - CHa 

72° C. 

CeH,2 

CH 2 -CH 2 . 

CH2<f /CH 2 

^CH 2 - CH 2 

79° C. 

• 

CH, 

94°-96° C. 

CeHe 

CeHe 

80°.4 C. 

CtHs 

CeHa - CHa 

110°.3 C. 

Cellu 

C.H,; 

.Calle- (CHa)2 
,CeHa-CH(CHa )2 

142° C. 
153° C. 


Paraffin hydrocarbons 
(Cnfl2n+2) Normal pentane 


Iso pentane 

Normal hexane 

Iso hexane 

Normal heptane 

Iso4ieptano 

Normal octane 

fco octa^iy 

Normiil nonane 

Hyd roaromatic h y d r o c a r- 
bons (Cnll2n) (cyclopar- 
. afflns or naphthenes) 
Cyclo-pen tan d- pent a- 
methylene 

Methyl«cyclo-pentan^ 
lethyl-penta-i 

•Hexa-methylene 
Hexa-hydro-benzene 
Methyl-cyclc-hexane 
Mcthyl-hcxa^ 
Hexa-hvdj^-tolucnc 

A.romatj(^ydrocarbons 

Mn-i) 

LJenzene 

Toluene* 


Xylene . . 
Cumene . 


Density 


D- 0.6454 
4 

0 ° 

)- 0.6393 
4° 

0 ° 

0^0.6770 

4° 

D- 0.6728 
4 

0 ° 

n- 0.7005 

U- 0.6969 
4° . 

>—0.7183 

20 ° 

90 ° 

)— 0.7190 
20 ° 


20 

D-- 0.7506 


D- 0.7501 
4 

0 

Dt 0.7967 
4 


0 

Dt 0.780 
4 


Do 0.899 
1 ? 

D— 0.8708 


Do 0.8932 
Do 0.8798 


Wilfred E. Guttentag (Petrol and Petroleum Spirits, pp. 54, 55). 
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Boiling points of benzene, toluene and xylene ^ 


Benzene 80. 4° C/ 

Toluene ^ 110.3° C.> 

Xylenes f 138° to 142° C.* 


Specific Gravity Differences between Paraffin and Aromatic Hydrocarbons 
Having Apyroxvnatdy the Same Boiling Points 


Paraffin Hydrocarbons 


Hydrocarbon 

B. P. °C. 

Gravity 

Dimethyl Pentane ® 

86° 

0.711/0“ 

Diisobutyl® (b) 

108°. 5 

0.713/0“ 

Nonane^ 

131°. 5/751 mm. 

0.742/12“. 4 


13.5°-137° 

0.732/12.7“ 


Aromatic Hydrocarbons 


Benzene* 

80.4 

• 

0.876/20° 

Toluene \ 

110.3 

0.871/14.7“ 

Xylene (o) 

142° 

0.885/14.1° 

• .(/) 

139° 

0.869/15.7° 

(p) 

138° 

0.866/14.7° 


^ Rittnian, Twomey and Egloff, Met. and Chein. Eng. 1915, 082. 

2 Kuops, Leibig Ann, 248, 175 (1888). 

* Landolt and Jahn, Z. Phys. Chem. 10, 303 (1902). 

^•Barbier and Rowe, Bull. soc. chim. 3255 (1890); Wcegman, Z. Phys. Chem. 
2237 (1888). 

* Eadenburg, Liebig Ann. 142^ 310, (1867.) 

® Kopp, Liebig Ann. 95, 336, (1855.) 

^ Lewioinc, Bull. Soc. Chirn., 41, (164.) 

® Kuops, Liebig Ann. 248, 175, (1888.) 

'^Landolt and Jahn, Z. Phys. Chem, 10, 303, (1892.) 

• Barbier and Rowe, Bull. Soc. Chim. 3255, 1890; Weegman, Z. Phys. Chem. 
2237, 1888. 
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Diaphrj^gms, use of, in pressure stills . 199 

Diesel ])rinciple . . . . 19 

DiTliethyl sulphate, use of . .... 50 

DioU'fiui?, effect of heat on 120, 280 

formation of, from oli'fins . . 281 

formation of, and study of .. .279,280 

preparation of ... . ... 280, 281 

rate of formation of . . ... 280 

reaction of, with trioxymethylene suljihuric acid 48 

Distillate from pressure stills, tank gravity of . . 95 

Disfillation, and condensation under ])r(‘ssure (Burton process) . 88,225-235 

and condensation under pressure as practiced by Dewar and 

Redwood . ♦ . 221-224 

by means of electrical heating elements 146, 147 

by steam, Frasch’s Method .. . 128-134 

complete of crude oil . . .. .135-145 

continuous, by the evaporation method 151 

method for ... 151 

tower system for 151 

cracking 170 

Kngler method . 33 

indirect by means of hot oil 152 

in rotating still * . . 202 

intermittent under i)ressurc 270 

in vacuum 147 

method for examination of motor fuels 60, 61, 62, 63 

of crude oil, rate of .... 142,143,144* 

of gasoline and motor fuel, laboratory method for 60, 61, 62,63 

Redwood method 33 

under pressure ... ... 169 

under pressure, continuous, compared with the ordinary batch 

process 185 
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Distillatioft, without boiling 157 et seq. 

with the aid of evaporation 157-163 

Distribution, of fuel in motors, as a difficulty attending use of heavy fuels ... 3 


test, for gasoline 50, 60 

importance of and determination 36 

Dome, or vapor chamber, for cracking vapors f^om oil stills 294, 295 

Dynamometers, electrical 26-30 

fan 26 

hydraulic 2^ 

tongue or “ cradle 26 

E 

Ease of starting, factors influencing 3 

of fuels containing benzol and aromatics 4 

of unsaturated hydrocarbons 3, 4 

Economy of heat, in steam distillation 129-134 

Efficiencies, for gjisoline and alcohol engines, formulae for 548, 549 

Thermal, of ideal air engine . . . 548 

Electric, discharge, high tension, use of, in cracking oils. . . , .... 458-^65. 

used in making gas 457, 458 

Electrically heated cracking still ... 466, 467 

Electrical heating, for distillation of oil 146,147 

Electricity, use of, in cracking oils . . . 457-470 

Emulsions, oil, separation of oil from . . ». . 154, i55 

of oil and water, use of, as cracking stock, for tube cracking 

apparatus .... 335 

of oil and vapor, or foam, production of, in pipe still 257, 258 

Endothermic, hydrocarbons formed during cracking 191 

or heat absorbing reactions, during cracking process . . 191, 192 

reaction of compressed olefins 305-310 

reactions, use of .. . 213 

Engine tests of Hall’s motor fuel ‘314 

Equilibrium, established during cracking process . 190 

of chemical reactions, as applied to criccking oil in gas phase . . 325 

Esters, neutral alkyl, formed in refining 119 

Ethane, properties of t)49 

Ether, in motor fuel 7, 9 

Ethyl iodide, in motor fuel 13 

Ethylene, absorption of, by sulphuric acid 563 , 

with catalysts 563 

as one of products of combustion of acetylene 22 

from coke oven gases, conversion of, into alcohol 560 

hydrogenation of 369-375 

manufacture of, from oil 479 

propylene, etc., formation of 286 

use of, in cracking oils 382 

Exchangers, heat, for use on pressure stills 186, 187 

' Exhaust gases, influences of nature of, on efficiency 550 

Expansion chambers or film evaporating towers 160, 161 

use of, in Greenstreet process 348 

of oils, after heating under pressure 253, 254 

Expansion of products of reaction subsequent to cracking 305 

Explosibility, uniform 545 
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Explosive ranges, of fuels, value of determination of * 34 

Evaporating tower, spiral pans used in 159 

Evaporation, as an aid in re<fucing or topping asphaltic oils 158, 169 

by means of pses, as slK aid in distilling oils 157, 163 

method for distilling oil 151 

of oils, as contrasted with boiling l57, 159, 160, 163 

surface, in reducing cr^ide oils 157, 163 

velocity of fuels, importance of 37 

Evaporators, film 160 


F 

Fats, oils and waxes, cracking of 170 

Ferric chloride ... 113 

Ferrocyanide, of potassium, use of residue from manufacture of, as refining agent 116 

Film evaporation, applied to the coking of reduced crude oil.' 163 

evaporators 160-163 

Films of oil, evaporation of naphtha from .... 160-163 

Fire clay, as contact agent . . 333 

. Fire hazard, with [ir^'ssure stills, atterniits to diminish 210, 211, 212, 211 

Fire test burning oil, production of ^84 

of burning oil, raising of . . . ... . 129-131 

Fish oil, cracking of . . . . ... 179 

Flame, direct exposure of hydrocarbon vaiiors to 300, 301 

• jm^iagation, determination of, and value of determination 34 

Flamc-pi^ipagation ])ropertics of acetylene 22 

Flash point of fuels . . . 37 

Flash points, control of cracking by means of 145 

effect on of hydrogen sulphide . 145 

P’la.sk, for laboratory distillation and fractionation of gasoline 60, 61 

Floridme, or Fuller’s earth, use of, in refining ... 120-123 

Foam, production ot in pipe still and effect on cracking and yield of gasoline. . 258 

Fractional distillation of gasoline and motor fuel, laboratory method and 

ayjparatus for . . . 60-63 

distillation, value df. . 33 

Fractionation, efficiency of, in refineries. 154 

Free acid in motor fuels . . 37 

Freezing yioints of aromatic hydrocarbons 50 

points, use of in determining aromatic hydrocarbons in gasoline. ... 50 

» Fuller’s earth, as refining agent 117, 118, 120 

in refining 124 

use of, in clarifying cracked gasoline or gas naphtha 306 

Fuel consumption per B.H.P. hour 26-32 

tests, conditions under which they are made 29 

determination of 28 

ecoaomy, conditions determining 29 

curve illustrating 30 

effects of, on engine 31 

ojl 95» 

Fuels, influence on ease of starting of physical properties of 3 

relative merits of 31 

Furnace, single tube cracking, for making gasoline, construction of 327,328 

Fused metal, use of, in cracking oils 239,431-441 

use of, in heatj^g tubes of cracking still 202 
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Gallic acid, as a blending agent 18 

Gaseous state, cracking in, in absence of a liquid state or phase 324^330 

Gases, artificial, properties of 643 

dissolved in liquids, use of to contribute ease of starting to motor fuel . 2 ♦ 

from cradking operation, combination of, with condensible hydro- 
carbons by mechanical compression 305, 306 

from cracking operations, reduction of amount by compression 305-310 

from cracking operation, utilization of 282 

heated, used in vaporizing oil 151 • 

liquifaction of, by pressure 642 

liquified, manufacture of, from natural gas 478 

of combustion, use of in cracking oil directly 380, 381 

use of, in distilling oils 127 

Gas, from oil, or oil gas, composition of and factors governing 302, 303 

from shale distillation, heat value and yield of . . . 582 

inert, use of in pressure distillation ^T78, 370 

Gas-making processes, absorption of hydrogen during 374, 375 

Gas, manufacture of, from oil 479 

naphtha, blending of, with straight distilled naphtha 83,85 

definition of f 8 

diolefins in * 280 

from pressure distillate . 95 

or “ cracked gasoline” yield of from pressure distillation of gas oil 96, 97 

production of .... 169 

refining of 118,119 

natural, use of in cracking oils . . .-376, 377 

as an aid in cracking gas oil 301 

oil and fuel oil, production of, during 1919 636 

oil, cracking of in presence of various gases 373 

distillate 77 

initial boiling points of .... 232 

obtained by a cracking distillation of crude oil ... . 77 

oils, cracking .... 83 

speed of cracking by distillation under pressure 91 

yield of • xvi 

permanent, reduction in amount formed in pressure stills . . 214 

volume produced during coking of Mexican crudes. . . . 100 

Gasoline, air required for combustion of, as compared with alcohol 551 

and alcohol, as motor fuels, relative economics of . . 551-555 

and alcohol, tests on internal combustion engines and deductions 

therefrom . . 550 ti seq. 

and water, simultaneous recovery of, from crude oil 155, 156 

bromine absoq^tion value of and its determination 39 

by the absoq:)tion process, character of . . . . . 503, 504 

by the oxidation of oils ^ 442-444 

chemical treatment of . 81, 82 

commercial, composition of xvii 

comparative fuel values of alcohol and 547 et seq. 

. consumption 125 

continuous treaters for treating 83', 84, 85 

cracked, refining of . . . 118, 119, 125 

cracked, see also gas naphtha and cracked naphtha 

cracked, yield of, in Rittman process 327 

desirable properties of 32 
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Gasoline, desulphurization of, by means of sulphuric acid 81, 82, 83 

diolefins in 280 

doctor test for ^ 59, 00 

effect of water used with, in motors 553 

exhaust gases from explosion of, m motors, quantitative relations of. . 546 

exports and imports of 607 

explosive range of • 546 

extraction of, from natural gas . ... 478 

finished or commercial, produced by steam distilling naphtha . . .85, 87, 88 

“fluidity” of 56,57 

from heavy oils, efficiency of production of xvi 

from natural gas, collection of in accumulator tanks 481 

development of the industry 471, 474 

marketed in U. S 637, 638, 039 

industry, development of 040-049 

methods of cooling employed in recovery of 481, 482, 483 

witliout use of pressure 479 

from oil atomizer for use in vafiorizing 149 

from tlie cracking of gas oils, character of 83 

heavy, as motor fuel 9 

high yield«of, by action of highly heated pitches 439^ 440 

hydrocarbons in ... . . . 007 

increase in percentage of, in crude oil . . 34 

' incrc'ase in production of in 1919. . 631 

laboratory distillation and analysis of 00, 61, 62, 63 

• * lairk of adeciuate definition of . . . xvii 

light, as motor fuel . 9 

or naphtha, reco venal from dehydrating process 155, 156 

production and consumiitiori statistics 607-036 

of, from natural gas by the princijial methods of manu- 
facture (1910 and 1917) 640, 041 

of in U. S. during four months of 1920 . ... 607 

rate of production of, from heavy oil, as a function of heating surface 259 

recovered from natural gas by means of charcoal 504 

refining of by chemic;,il treatment 81-85 

separation of, from kerosene. . 152 

shipments of, to U. S. insular possessions 007 

single tube furnace, for making . . 327,328 

specifications 64-71 

specific gravity 0.71 to 0.73, low heat \a!ue of 551 

stocks of, on hand at refineries in 1917 608 

stocks of, on hand 1920 and 1919 607 

substitutes from coal distilled at low temperatures 527 

synthetic . 83 

supply of, as influenced bv adoption of higher end point 154 

.unsaturated or cracked, characteristics of 276, 277 

used as wash oil for natural gas 501 

value of fractional distillation test of 33 

water white, produced directly from crude oil, without rerunning or 

• treating . loo 

produced by cracking oils in liquid stat<* 247, 248 

produced by direct contact of kerosene vapor with flame 301 

produced with aid of superheated steam 164, 169 

yield of, by the pressure distillation of gas oil 177 

fields of, in Dubifs process 271 
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Gilsonite, destructive distillation of 599 

properties of distillates from 599, 600 

Granite, use of, as contact agent, with steam . 336 

Graphite, as an aid in converting petroleum oils into aromatics 282, 283 

Gravel, use of, af contact agent, with steam 336, 337 

Gravities of distillates in coking crude oil 143 

“Gumming” of oils due to diolefins * 120 


H 

Halphen’s method for determining aromatic hydrocarbons in gasoline 51 

Heat, absorption of, during cracking . . . 191, 192 

decomposition, of oils, time invoK'^ed in 286, 287, 288 

economy of, in steam distilling burning oil 129-134 

exchange, direct oil to vapor . 140, 141 

direct oil to vapor with simultaneous distillation 153 

exchanger, direct, vapor to oil, use of with pi|>e still 240 

for pressure stills 93 

Hopkins 1 92 

^ oil to vapor, used with tube pressure still . . . . s 92 

used on continuous pressure stills 186, 187 

used by F rasch 1 29- 1 34 

exchangers, advantages of \ . 81 

Heat, of distillation, furnished by superheated steam 164, ),69 

of vaporization, of distillates v • 1*^4 

production of during compression of natural gas 47(), 477 

Heating surface, amount of, used in steam stills 133 

Heat test, of gasoline, determination of .... . 38 

of motor fuels .... ... 37 

Heavy oils, relative ease of decomposition .... 197 

Helix, use of, in giving heated vapors a whirling motion 263, 264 

Heptane, properties of .649 

Hexane, properties of 649 

High boiling bodies, lowering the boiling point of . ^ 2 

High temperature, effect of, upon cracking under pressure to obtain gasoline . 255 

Horizontal towers, use of 80 

Horse]X)wer, developed by engine, formula for determining 27 

of engine, determined by torque and speed 29 

factors determining 29 

of engine, calculation of 27 

Hydroaromatic hydrocarbons in gasoline, determination of 49 

Hydrobromic acid 420 

Hydrochloric acid, use of in cracking oils 412, 413 

Hydrocarbon gases, use of in fuels 8 

oils, high boiling, conversion of into naphtha, etc 283 

Hydrocarbons, action on of silent electric discharge 462 

acyclic, determination of 49 

aromatic and unsaturated, determined by means of sulphur 

dioxide . 52, 53 

aromatic, determination of, in motor fuels and gasoline 46-53 

determination of 50 

use of dimethyl sulphate in detecting 50 

use of picric acid in determining 50, 51 

catalytic purification of < 110 
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Hydrocarbons, decomposition of, in presence of nickel, to yield hydrogen . . 319, 320 

case of decomposition of light and heavy 197 

found in m^or fuel 32, 667 

heavy, selective action on dining cracking 247 

in gasoline, aromatic, Halphcn’s method for deterpjining 51 

light, use of in distilling oils 127 

of acetylene series,^s causes of bad odor of oils 105 

of gasoline series, separation of from kerosene hydrocarbons. . . 152 

naphtha and kerosene, purifying 110, 111 

rapid transformation of at high ])ressures and temperatures ... 192 

saturated cyclic, determination of 49 

“smoky” removed by strong sulphuric acid 125 

Hydrogen, absorption of, by products of cracking of gas oil 374, 425 

action of, in gas-making processes 374, 375 

on carbon monoxide 357 

on kerosene 322 

on oil in presence of nickel 358, 359 

as a desulphurizing agent 104 

generation of 381 

generation of for hydrogenating cracked products 273, 274 

• in contact with oil 425 

impregnating fuels with • 8 

mixed with oil vapors and passed through catalysts 367 

nascent, action of and production of 422 

produced by decomposition of oil in presence of nickel. .319, 320 

production of by action of steam on metals 335 

treatment of oils with 367 

peroxide use of . . 24 

sulphide, effect of, on flash points 145 

under pressure, action of, on oil 357 

use as desulphurizing agent. . ... 112 

use of, in erai'king oils (sec also Noad) 264-266, 382, 419, 541 

at high pressures, in hydrogenating coal, asphalt, etc 359 

in distillation . . 127 

in sweetening gas naphtha ... 283 

Hydrogenation, by means of aluminum chloride 415 

of oils by electrolysis of emulsions 470 

effect of, on cracked gasoline 272 

of acetylene 373 

coal, oil, {isphalt, etc., at high pressure, apparatus for . . .360, 361 

ethylene 369-375 

ethylene and acetylene 375 

oils and distillates (Day’s proposal) 362-365 

oils, by means of silent electric discharge 461 

petroleum, attempts at 355, 356 

• possibilities of . 354 

Hypochlorites, as desulphurizing agents 106 

with manganese, as desulphurizing agents 106 

cobalt, nickel, copper or iron, as desulphur- 

• izing agents 1(56 

“Hyposulphite” of soda, use of as refining agent 103 
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Ignition, point of fuels, influence of presence of benzol on 34 

points, of benzol, alcohol, kerosene, napthalenec 35 

of motor fuel, from shale and fiom petroleum 35 

temperature, method for determination of 35 

' as affecting ease of starting 4 

of various fuels, comparison of 35 

Illinois crude, yields of, distillates from 80 

Illuminating gas, \ise in motors 19 

Interchangers, heat, used in natural gas gasoline industry . . .501, 502^ 

Internal combustion engine, fuel for 1 

heat, use of in cracking oil 442-456 

Iodine, added to motor fuel . ‘ 13 

and bromine values, of gasoline and motor fuel, value of determination 

^ of 33 

numbers, of motor fuels, determination by the Haniis Method. . . .41, 42, 43 

value, of various fractions of cracked gasoline 277 

Iron, as catalyst in cracking 272, 273 

as contact agent 264, 265 

metallic, use as refining agent 1 04 

Ore, as refining agent ... . . . ... 1*18 

, oxide .... 425 

coating of, and formation of on interior surface of (Tacking (’oils 352 

use of, in cracking oils 445, 446, 447 

used in desulphurizing \ 115 

with lime, use of as refining agent 103 

use ot, as catalytic agent . . . *: •. 335 

in obtaining water white gasoline from heavy oils 334 

with oil and water 264, 265 

with steam, for generating gas from oil 340 

J 

Jones pipe still 254, 265 

K 

Kerogen, in shale, origin of 570 

of bituminous shale ... 570 

Kerosene, action of hydrogen on . 322 

and burning oils, process for converting heavy oil into 252, 253 

combustion characteristics of 13 

conversion of into light naphtha 195 

into motor fuel, by blending with natural gas gasoline 4S4, 489 

to gasoline 283 

cracking in tubes, for production of 252 

cracking of, by action of highly heated residues ;439, 440 

decomposition of, to yield gasoline 277 

desulphurization of, with sulphuric acid 108, 109 

desulphurizing by means of hypochlorites ^ 108 

(‘‘Engine distillate”) conversion of, into motor fuel 496 

from Canadian petroleum, dcsul])hurization of 112, 113 

from paraffin distillate, by distillation under pressure 184 

heated with superheated steam 343 

heavy end, separation from light end, before desulphurizing 110 
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Kerosene, improvement of * 353 

increase in production of during 1919 631 

separat^pn of, froifi gasoline, during distillation 152 

Kimnieridge shale oil, properties and Value of 113, 114 

‘‘Knocking,” freedom from of fuel from Hall’s cracking plant . 312 

“Knock-out” coils 503 

L 

l.<abor difficulties attendant upon use of shell pressure stills 89 

Latent heat of vaporization, of gasoline and motor fuels, value of determina- 
tion of 33 

Lead acetate, as desulphurizing agent 115 

fused 431,432 

decomposition of kerosene distillate with 436 

descrii)tion of aj^^iaratus for (Tacking oil with 436 

for maintaining heat of cracking coil 248 

in crai'king still 436, 437 

de(!()mposing oils 434 

distilling oils 158 

heatiijg tubes of cracking still 202 

making oil gas >436 

pressure stills 202, 239, 434, 435 

special cracking apparatus 440,441 

Lead oxide, as desulphurizing agent, comjiared with copper oxide (Frasch 

^ ^Process) 103 

oxide 443 

oxide, use of with caustic soda, for removing sulphur compounds 82, 83 

“ Light distillate” nature of 93 

Light na[)htlia, production of from kerosene 195 

Light oil, distillation of by nuains of heavy heated oil 152 

fractionation of 63 

from coal, use as fuel 4, 5, 6 

from petroleum, method for extracting (jr vaporizing 148 

produetbn . . . . 7 

recovery of, from c(^dl gas . . 520,521,522,523 

yield of, from coke ovens 665, 666 

Lignite vi 

Lime, action of, on acetone 428 

on heated oil 426, 427 

chloride of, in refining 105 

use of, in cracking oil 427, 428 

with iron oxide and charcoal, use of as refining agent 103 

Tarnestone, use of in coking coals 525 

Litharge, as desulphurizing agent 115 

Liquid oil, temperatures of, •compared with vapor temperatures diuing pres- 

sureVlistillation 182 

Liquid phase or state, method of cracking heavy oils in 248, 249, 250, 251 • 

state, cracking in 248-271 

,^ulphur dioxide 

Liquifaction of gases, by pressure 642 

Losses, in refining 125 

in refining petroleum and shale oil 582 

Lowering the boiling point of high boiling bodies 2 

Low-test burning oil, steaming of 129-134 
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Lubrication* “ intramolecular '' 477 

Lubricating oil, distillation of 141 

preparation of by means of aluminium (Chloride 388, 389 

relation of, to cracking processes xvi 


Manograph, limitations of 31, 32 

photographs, made with 14, 15 

purpose of 31, 3Ii 

use of, in studying fuels 31, 32 

value of 31 

Manganese salts, with hypochlorites, as refining agcius 107 

Mantles, for gas burners, increase in illuminating ])ower obtained by means of 644 

Maximum compression, of fuels, determination of theoretical 35 

Mercaptans, as causes of bad odor of oils ■ 105 

in Baku oils .... 113 

Mercurization test for unsaturated hydrocarbons 44, 45 

Metallic, bodies, ased in purifying oils in vapor state 110 

salts of heavy metals as refining agents (C'azin process) . . ... 105 

Metals, finely divided, in hydrogenating oils 272, ‘l73 

• fused, use of 431, 441 

Meters, used with tube stills 93 

Methane, properties of 649 

formation of, from water and carbon monoxide 357 

preparation of, from water ^as V 3S1 

Minimum boiling mixtures, as fuel . 1 

Moisture, effect of, on flash point of fuels 37 

settling tanks, use of in continuous treating process 85 

Molasses, as source of motor fuel 556 

Motor cars, registration of viii 

Motor fuel, benzol as (see benzol) 

blended, from natural gas gasoline and refinery naphtha . . .484-489 

calorific value determination 37 

by the low temjx;rature carbonization of coal 525-529 

coke test of f 33 

determination of aromatic hydrocarbons in 46-53 

determination of aromatic and unsaturated hydrocarbons in by the 

use of sulphur dioxide 52, 53 

determination of unsaturated hydrocarbons in, by means of mer- 
curic acetate . . 44, 45 

determination of saturated cyclic and aromatic hydrocarbons in. . 49 

doctor test for 59, 60 

“fluidity” of 54-57 

from asphalt 596, 597 et seq. 

coal 507 

coke ovens > . . 507 

natural gas 484 

water gas tar 542 

laboratory fractionation of 1 60-63 

latitude in choice of substances intended for use as 1 

produced by continuous refining of light naphtha 82-85 

specific gravity of 33 

specifications for 64-71 

testing of * 25-71 
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Motor fuel, use of picric acid in determining presence of aromatic hydro- 


carbons in ,50 51 

value of determif!ation of cold test of ’ 33 

value of determination of si)ecific gravity of 33 

value of determination of viscosity 33 

value of fractional distillation of * 33 

viscosity of 33^ 54_,57 

Motor spirit, vapor tension of 37, 58 


N 

Naphtha, coal tar, use of to carburet water gas 529 

cracked, refining of . . * 124 125 

desulphurization of 81 82 

desulphurizing together with kerosene , 110 

from asphaltic oils 99 

paraffin distillate, by distillation under pressure 184 

rerunning burning oil 128-134 

shale oil 

gas, production of by cracking gas oil with natural gas 301 

light, continuous treatment of 83-85 

production of by cracking kerosene ♦I9.5 

removal of by means of gases instead of steam 157, 158 

, unsaturated, refining of 1 IS, 119 

Naphthalene, as decarbonizer 10 

• ^ • hy the action of steam on oils at high temperatures 333 

mixture with mineral oil 23 

use as fuel 10 

Naphthenes, action of sulphur dioxide on 120 

decomposition of, in coal distillation 528 

Natural gas, bibliography of 052-656 

compressed, development of power from 483 

crude, composition of 646 

development of method for extracting gasoline from 645 

industry, development of 640-649 

liquified, pressurei^ generated by heating 650 

power developed by, in internal combustion engines 651 

properties of 643 

}>araffins present in 649 

use of in cracking oils 376, 377 

refining 127 

Natural gases, classification of 494 

gas gasoline, blending of . . 478 

with kerosene and apparatus for 497, 498 

distillation of, from wash oil 495 

industny, methods of cooling used in 481, 482, 483 

refrigeration method of recovery 494 

recovery of, by means of a bell v^asher 495 0 

Navy specifications for gasoline 88 

Nickel^ action of, on mixture of water and oil 345, 425 

with steam, contrasted with reaction between iron and steam 322 
as a catalyst for inducing decomposition of hydrocarbons to yield 

hydrogen 319, 320 

as catalyst in cracking 272, 273 

as catalytic agent. 335 
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Nickel, use of as catalyst for hydrogenating olefins 273 

in decomposing kerosene .... . . 283 

in tubular cracking processes. 319, 320 

used in cracking oil in presence of hyarogen 419 

used to, make water gas 38 1 

Nitration methods, for determining aromatic hydrocarbons 46, 47 

Nitric acid, as desulphurizing agent 113 

use of with sulphuric acid for refining oils 45 

Nitro compounds, function of, in fuels 16 


O 


Observations, made in testing fuel consumidlon and horsepower 28 

Oil, and water, decomposition of . . 332 

asphaltic, distillation of , . . . .... 602 

burning, desulphurizing with sulphuric acid ... 108,109 

capacity of, to absorb various gases . ... . . 498 

continuous distillation of, in pressure stills 185-187 

crude, complete distillation of. . . 13.5-145 

cracking of, without distilling. . . . 1^9,193 

dehydrating, in pii>c still . 1.5.5, 1.56 

^ direct use of to effect condensation of vapors from jiressure ])i])e still. 240 

distillation of, by electric heat . . . 146, 147 

by means of heat contained in comiiressed gases 492, 493 

in partial vacuum . . .... 1 47 

efficiency of extraction of, from oil sands . . - . . viii 

evaporation method for distilling . 1.51 

from bituminous shale, yields of. . . . . 5S0, 582 

gas, factors influencing cornixisition of 302, 303 

properties of 643 

tars 524 

hot, used to distill light oil . . . . . 1.52 

reduced crude, coking by the film evaporation method 163 

relative amount desirable in pressure stills .215 

Rumanian crude cracking of fractions of . ..... 171 

Russian, cracking of 171 

sands, oil contained in viii 

Oil, volatile portions of, method for extracting 148 

Oklahoma reduced crude, distillation of under pressure 177 

Olefins, action of sulphuric acid on .119- 

and diolefins, transformation of, into more stable bodies 296 • 

and paraffins, influence of pressure on production of, from heavy oils 

by pressure distillation ... 225 

analytical determination of amount of 119 

by the oxidation of oils 447 

compression of, in presence of gasoline vapors 305 

conversion of to paraffins 273 

effect of high pressure on formation of 172 

Olefinic gases and liquids, possibility of union of, to produce light motor fuel. 309 

‘Olefins, in motor fuel, determination of percentage of 44, 4.5, A 19, 120 

in motor fhel, discussion of 40 

manufacture of, for synthetic work 352, 353 

mixture of, with paraffins, as motor fuel 323 

polymerization of by sulphuric acid 119 

preparation of 287-289 
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Olefins, production of, by distilling paraffin under pressure 9 . . 170 

temperatures best suited for production of 287-289 

utilization of, in syntl'utic and organic chemical reactions 286 

Oils, cracking of in i^escnce of varioils ^ases 382 

c desulphurization of, importance 102 

desulphurizing by means of chlorine and hyiiochlorites ) 106 

oxidation 106, 107 

direct heating of by hot gases of* combustion 380, 381 

distillation of, in presence of hydrogen 358 

distilling, with the aiil of gases other than steam 157, 163 

fats and waxes, cracking of 170 

heavy, cracking of in pipe still (Trumble) 257, 258 

miscellaneous ])roduced durftig 1919 . . 609 
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